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PREFACE 


This book, the first of two volumes about cockroaches, has been written 
in an effort to bring together much of the more recent knowledge which 
has been obtained about these insects, from laboratory studies and as 
pests of industry and the home. It is not intended that this volume should 
provide an elementary introduction to entomology, neither is it an ex- 
haustive resume of the wealth of information scattered through the many 
scientific publications of the last two decades. Rather, from this book, 
students of entomology, and those concerned with cockroaches as pests, 
may acquire a fuller appreciation of the biology, physiology and behaviour 
of one of the most useful insects for research, and perhaps the most 
maligned of insects known to man. 

Four groups of people are concerned with cockroaches: 

1. The pest control industry, in eradicating the pest species from infested 
premises, usually as part of a wider service for the control of other indus- 
trial and domestic pests. 

2. Teaching establishments for which the American Cockroach provides a 
useful type specimen for demonstrating the external and internal features 
of insects. 

3. The research physiologist who, because of the large size of some 
cockroaches, is able to use them successfully for experiments to elucidate 
certain internal functions of insects, and 

4. The insecticide chemist who, because of the ease of rearing large 
numbers of cockroaches in captivity, uses them for studying the mode of 
action of insecticides and as test insects for evaluating the properties of 
promising new insecticidal compounds. 

These four groups have a widely different level of scientific appreciation 
and it is therefore impossible in one book to provide a text which meets 
the demands of each. It is hoped that this volume about the insects them- 
selves, and the second volume to follow, on insecticides and cockroach 
control, will provide a source of reference which will satisfy many of the 
demands of this heterogeneous readership. 

Two previous books have been written about the cockroach: The 
Structure and Life-history of the Cockroach — an Introduction to the Study 
of Insects by Miali and Denny, written about the Oriental Cockroach in 
1886 and now well out of print, and The Cockroach {Periplaneta 
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PREFACE 


americana L.) by Cameron, published in 1961- The first of these is a 
classical work based on early knowledge of entomology accumulated 
during the 18th and 19th centuries. The second, more recent work is 
designed as an introduction to entomology for students of science and 
medicine, with instructions for practical work. Both deal at some length 
with the external and internal anatomy of the species, but make only 
passing reference to the importance of cockroaches as pests. 

The greatest single contribution to recent knowledge about cock- 
roaches has been made by Dr. L. M. Roth and his colleagues with a series 
of monographs and numerous papers on various aspects of the Blattaria. 
I am grateful to him for the use of a number of photographs that appear 
in this book, and I have leaned heavily on his Biotic Association of Cock- 
roaches and The Medical and Veterinary Importance of Cockroaches in 
preparing the chapter on disease. Other authors, too, will find that I have 
quoted from them, in many instances verbatim, with a view to avoiding 
misinterpretation. 
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COCKROACHES AND MAN 


Introduction — Establishment of pest status — Historical — Common and local names; 
scientific names — ^The scientific interest in cockroaches — Insecticide research. 


Introduction 

The cockroach is probably the most obnoxious insect known to man. 
About half a^dqzen species of cockroaches have managed to acquire a 
relationship with man, rivalled perhaps only by lice and fleas. The latter 
are known vectors of certain rickettsial organisms (typhus) and rodent 
diseases (plague and murine typhus) but like the bed bug, cockroaches may 
be only accidental carriers of pathogens. Nevertheless there is a consider- 
able body of evidence to incriminate a number of cockroaches as potential 
carriers of disease whose importance in this regard is becoming more 
fully recognised. 

pest status of the cockroach derives mainly from an aesthetic abhor- 
rence of what is regarded as a loathsome intruder: its speed and un- 
predictable direction of movement, the enormous numbers to which 
populations can increase if left undisturbed, and the habit of cockroaches 
of tainting with a characteristic odour, and fouling with excrement all food 
and surfaces with which they come into contact. 

Their status as pests is increased by the fact that cockroaches are 
j usually associated with poor^standa^s of hygiene. Thus, to the vast 
I majority of people, cockroaches in the home and place of work are psycho- 
logically disturbing and to some can cause considerable mental distress. 

Establishment of pest status 

Cockroaches are an ancient group of insects which have existed on earth 
about 100 times longer than man. The status of a few as pests is therefore 
very recent. At the present time there arc about 3,500 known species, 
mostly of tropical origin, and perhaps as many more which have not 
been named or described. As a group, they show considerable diversity 
of size, colouration and habit. Rehn' rightly says that ‘because cockroaches 
are normally seen as house-haunting pests and in the majority of people 
cause a strong feeling of aversion, it is often difficult to convince the 
“doubting Thomases” that the number of species of cockroach which are 
domiciliary pests is greatly limited — in fact less than one per cent of all 
known forms. Also that cockroaches of many kinds are diurnal, with 
hundreds of species inhabiting tropical forests, others semi-aquatic, some 
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living in the ground, a few wood-boring, while a dozen, or so genera are 
found in a State of either known or suspected commensalism, in the nests 
of ants, wasps or termites’. To this should be added those which inhabit 
caves in association with bats, and others of the desert, some of which 
inhabit the burrows of rodents. 

In the early association of cockroaches with man, outdoor living forms 
probably gained entry into his protective shelter. With the need for man to 
store food against shortage, particularly food of varied type which would 
appeal to omnivorous insects, it is not difficult to appreciate the beginning 
of the domiciliary habit. Thus whilst the great majority of cockroaches 
in tropical countries continue to live as scavengers outdoors, where their 
food consists of vegetation and organic matter, some became early co- 
habitants with man and have travelled with him ever since. 

Today, the pest cockroaches have found our man-made environment 
and food highly suitable for their existence. With the increase in transport 
the pest species have been inadvertently carried by him to almost all parts 
of the world, their establishment being limited principally by temperature. 
The inability of domestic cockroaches to withstand unusual cold was 
mentioned by Marlatt* in connection with tbe freak winter in Florida in 
1894 which was apparently very destructive to the citrus groves and, 
‘destroyed all the cockroaches even in houses, except a few unusually well 
protected*. Nevertheless to demonstrate the ability of cockroaches to 
penetrate even the polar latitudes, this same writer mentions that, ‘in the 
far north a species occurs in the huts of Laplanders and lives on the winter 
stores of dried fish’. 


Historical 

Because of the long and close association of cockroaches with man a great 
deal has been written about their habits and methods of control; most of 
these writings undoubtedly contain an element of truth but with the passage 
of time it seems likely that they have been colourfully elaborated. For ex- 
ample, on the subject of getting rid of cockroaches, Blatchley® says: ‘For 
no other insects have so many quack remedies been urged and are so many 
newspaper remedies published. Many of them have their good points but 
the majority are worthless. In fact, rather than put faith in half of those 
which have been established, it were better to rely on the recipe current 
among Mexicans: To gel rid of cockro^hes — catch three and put them in 
a bottle and so carry them to where two roads cross. Here hold the bottle 
upside down, and as they fall out repeat aloud three credos. Then all the 
cockroaches m the house from xvbich these three came will go away.’ 

Some of the cockroaches mentioned in this volume have long been pests 
of ships. Roth & \VilUs« quote a method of control adopted by the Japan- 
CSC Navy: a searnan who has captured 300 cockroaches will be granted 

The purpose is to promote extermination of cockroaches in a warship 
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because, on the one hand, any warship suiters from numerous cockroaches, 
and on the other hand, any seaman likes shore leave’. These same authors 
have reviewed the early reports of the depredations of cockroaches on 
ships: the record in 1634 of Drake capturing the ship Philip which was 
overrun with cockroaches; of Bligh in 1792 disinfecting H.M.S. Bounty 
with boiling water; of Lewis in 1836 being greatly annoyed by hundreds 
of cockroaches in his cabin at night during a voyage from England to 
Van Diemen’s Land and of many records reporting that cockroaches 
were so numerous on ships that they gnawed the skin and nails of men 
on board — and apparently parts of their boots. 

On cockroaches attacking man, Rau* says that, ‘one often reads of the 
injury done to the eyebrows of sleeping children by P. amcricaiia in 
Central and South America. The story, incredulous as it may seem, is 
that the roaches at night find the sleeping children and feed upon their 
eyebrows. From my own experience ... I was awakened by a tickling 
sensation on my face only to find upon opening my eyes, a pair of long 
cockroach antennae playing delicately for sense impressions while the 
cockroach’s extended mouthparts were imbibing moist nutriment from 
my nostrils’. 

There are many reports of cockroaches being used as cures for various 
diseases and disorders, and of cockroaches in certain parts of the world 
being eaten as food. Today the domiciliary species are pests of food 
manufacturing industries, of food storage and food handling areas; ware- 
\ houses, kitchens, hotels, restaurants; in short, pest s of poo r hygiene. 

^ Thus in more recent limes, cockroaches or parts of their bo3iH~m‘ay" 
occasionally occur as contaminants in food, but there is reason to believe 
that during the earlier part of this century this was certainly more common 
than today. Thus Roth & Willis* quote Caudell (1904, Ent. News 15, 62): 
‘Cockroaches thrive in British Columbia. . . . On this trip I had them 
served to me in three different styles, alive in strawberries, a la carte with 
fried fish and baked in biscuit’, and from Blatchley*: 

‘On every dish the booming beetle falfs 
The cockroach plays, or caterpillar crawls; 

A thousand shapes of variegated hues 
Parade the table or inspect the stews. 

When hideous insects every plate defile; 

The laugh how empty and how forced the smile.’ 

It is not difficult to visualise a time, probably between 1850 and 1900, 
when in this country both the Oriental and German Cockroaches reached 
a peak of co-existence with man, their presence being accepted as common- 
place in homes, places of work, inns, prisons and other buildings, much in 
the same way that early sailing ships were invariably infested by the Ameri- 
can Cockroach. Before 1940 and the great advances made in the develop- 
ment of synthetic compounds formsect control, infestations of cockroaches 
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in buildings were difiicuU to eradicate. Now, however, there is no doubt 
that far fewer properties in Britain arc infested by cockroaches than at 
any time since World War II. Much can be attributed to the emphasis on 
hygiene which has grown tremendously in the food and catering industries, 
and to the level of hygiene in homes which has also seen an enormous 
change within the present century. At (he same time the control of cock- 
roach infestations by the pest control industry has benefited greatly by 
the extenshe armoury of available insecticides, formulations and tech- 
niques. 

Wherever food is stored, manufactured, or handled, cockroaches are 
potentially capable of establishing an infestation. With the purchase of 
food by large communities from chain stores and supermarkets, any lapse 
in hygiene, or ignorance of the possible role of insects, such as cockroaches 
in the transmission of pathogenic bacteria, is surely a social ofTcnce. 
Similarly, with the improving standard of living of many communities the 
catering industry has acciuired a wider clientele; schools and hospitals 
are served by large kitchens and many ofilcc and factory workers eat 
communally in large canteens. With these changes in the eating habits of 
the population there is an ever increasing need to ensure first-class hygiene. 
To harbour cockroaches in such premises at the present time is an affront 
to man in his endeavours to improve his living standards. 


Common and local names 

With the abhorrence expressed by most people towards cockroaches it is 
not surprising that they have become know'n by a variety of local names, 
some of which have been used as terms of abuse. The word cockroach is 
supposedly derived from the Spanish ‘Cucaracha’, but one of the earliest 
names given to these insects was iucifuga’ from their habit of always 
shunning the light. The common English name for the Oriental Cockroach 
{Blatta orientalis) is ‘black beetle’ from its dark colour and the non- 
techniral use of the w’ord beelle to describe almost any insect that crawls. 
On this subject, Shipley,’ in his book More Minor Horrors, quotes from 
Punch of the governess who demanding precision from her pupil says : ‘And 
perhaps, Mabel, as they arc not black and as they are not beetles you will 
in future call them cockroaches’. Mabel: ‘Certainly, Miss Smith, although 
they are not cocks and neither arc they roaches’. (The term cockroach, in 
preference to the American abbreviation ‘roach’, is used throughout this 
book.) 


The Oriental Cockroach has also been referred to in Britain as the ‘mill 
beetle and as the ‘black clock’ presumably because of its regular appear- 
an« at dusk. In northern Germany, the cockroach is referred to as 
Schwabe, a term which is also applied to an inhabitant of southern 
Germany. In that ^ca it is popularly known as ‘Preusze* after the north 
Germans. In E^t Gemany the local name is ‘Russe’ (or Russian Cock- 
roach) and m West Germany ‘Franzose’ (or French cockroach)— these 
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names indicating a certain national antipathy to rival countries as well as 
a fanciful idea as to their origin.* *Spanier’ dates from the time of Carlos V 
and ‘Dane’ from Denmark. The early Dutch called the cockroach ‘Kakker- 
lak’ and in the Swedish settlement they were known as ‘Brotaetare’ or 
bread eaters. Around Philadelphia in the USA, the Oriental Cockroach is 
locally referred to as the ‘Shad roach*, its abundance coinciding annually 
with the arrival of the Shad fish to spawn in the Delaware river. 

The German Cockroach, Blattella germanica (‘small’ is also 
known by a variety of names: the most common is ‘steam-fly’ because of 
its association with that type of environment; ‘steam-bug* was apparently 
at one time a local name in Lancashire and ‘shiner’ around Aldershot.® 
‘Water bug’ is a common name used for cockroaches throughout the 
United States, ‘Yankee settler’ in Nova Scotia, and ‘Croton bug’ in the 
eastern United States because of the considerable increase in the abundance 
of B. germanica in New York City about the time of the construction of 
the Croton Aquaduct. The ‘Bombay Canary’ is a common name for the 
American Cockroach on ships, but the derivation of this name is ob- 
scure. 

Scientific names 

The scientific names given to many cockroaches have been based on less 
fanciful thoughts: Periplaneta (Gr. ‘around’ and ‘a wanderer’); Supella 
(Gr. ‘house’); Eiirycotis (Gr. ‘broad’ and ‘form’); Parcoblatta (Gr. ‘frugal’ 
and Blatta)', Pycnosceius (Gr. ‘dense’ and ‘tarsi’); Cryptocercus (Or. 
‘hidden’ and ‘cere!’) and Blaberus (Gr. ‘harmful’). 

One species of Blaberiis, namely B. cranafer^ is commonly called the 
‘giant death’s-head cockroach’ from its large size and the markings on the 
prothorax. As will be seen from Chapter 3 the specific names given to 
some of the more common pest cockroaches, e.g. americana, atistralasiae, 
germanica and orientalis, are now thought to be totally erroneous in in- 
dictating their origins. 

In common with many other insects it is not surprising to find that cock- 
roaches have been known by many different scientific names. For instance, 
the German Cockroach, has been given seven names during the last 300 
years : 

Blatta germanica Linnaeus, 1767 

Blatta obliquata Daldorff, 1793 

Ectobiiis germaniciis Stephens, 1835 

Phyllodromia bivUtata Saussure, 1864 

PhyUodromia germanica Brunner von Wattenwyl, 1865 

Ischnoptera bivUtata Thomas, 1876 

Blattella germanica Caudell, 1903 

The same is true of the Oriental Cockroach, which until recent times was 
included in the genus Periplaneta, 
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The scientific interest in cockroaches 

Much of our more detailed knowledge about cockroaches has been 
acquired relatively recently. Thirty years ago, Rau* wrote: ‘the Amencan 
cockroach {Periplaneta americana), even though regarded as abhorrent and 
loathsome, has for many years been a favourite laboratory insect tor 
biology students and investigators. Its anatomy and physiology have been 
studied with some degree of thoroughness, but it is indeed surprising to 
find that its life-history and details of its everyday behaviour remain 
practically unknown. When the cockroach, steeped in alcohol, reaches 
the student it is quite a changed creature from what it once was— not 
even its odour is the same— to make no further comparison with the live, 
agile insect, inquisitively waving its long antennae in the air for impressions 
of food, mates and shelter’. 

The American cockroach continues to be used widely in schools and 
colleges for introducing students to the subject of entomology. It is a 
reasonable assumption that more cockroaches have been dissected on the 
laboratory bench than any other insect and more cockroach mouthparts, 
too, have been examined and drawn under the microscope than those of 
any other insect. This can undoubtedly be attributed to the large size of 
P. americana and to the relative lack of specialisation in the anatomy of 
cockroaches as a group. It is not difficult to rear cockroaches in captivity 
(see Volume II) and relatively little space is required to provide sufficient 
numbers for class study. In any event, most commercial organisations and 
Government Institutions that maintain cultures of cockroaches for research 


arc prepared to supply them for teaching purposes. 

The advantages to be gained by allowing young students to rear, observe 
and experiment with living insects cannot be over-estimated. To observe 
the process of moulting alone is sufficient justification for having live in- 
sects for demonstration and there is none more suitable for this than the 
cockroach. The knowledge which has now been accumulated on the bio- 
logy and behaviour of the different species of cockroaches has come about 
by introducing an eagerness for inquiry among young biologists. This, to- 
gether with information on the anatomy and physiology of the cockroach, 
has been of considerable value in indicating the evolutionary relationships 
between the speacs, and has made a large contribution towards helping 
those concerned with eradicating the pest species from infested premises. 
Such enthusiasm for cockroaches caused one such biologist, Mr. William 
Hunting, who has contributed much to our knowledge of the species im- 
ported into Britain on bananas, to name his house ‘Pcriplaneta’. 

The number of contributions to the scientific literature on cockroaches 
has prow-n steadily since 1900 (Rg. 1). In this volume the reader will be 
introduced to only a small fraction of the many hundreds of papers which 
have published concerning the structure, biology, ph>siology and 
behaviour of the principal species. As an encouragement to research 
workers, the eminent physiologist Dr. Scharrer* once wrote: The labor- 
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atory investigator who keeps up a battle to rid his rat colony of cock- 
roaches may well consider giving up the rats and working with the cock- 
roaches instead. From many points of view the roach is practically made 
to order as a laboratory subject. Here is an animal of frugal habits, 
tenacious of life, eager to live in the laboratory and very modest in its 
space requirements’. Dr. Scharrer was referring, in this instance, to her 



Fig. 1, Increase in the number of scientific publications 
during the last 70 years dealing with the biology, physiology 
and behaviour of cockroaches (based on the references 
quoted in this volume). 

Stock colony of the Madeira cockroach at the University of Colorado, 
derived from specimens which originally arrived in the U.S.A. as stow- 
aways in a shipment of laboratory monkeys. It was with these insects that 
Dr. Scharrer demonstrated the part played by hormones in the control of 
cockroach development, of the activity of the female reproductive organs 
and the incidence of tumours in the insect’s alimentary canal. 

Insecticide research 

It is important to mention the very significant contribution which 
cockroaches have made to our understanding of insecticidal action and 
insecticide resistance, and towards the development of useful new com- 
pounds for insect control. These subjects are examined in some detail in 
Volume 11, but it is relevant here to draw attention to the scientific effort 
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which has been made in this field during the last 20 years. Each year the 
Commonwealth Institute of Entomology publishes abstracts of scientihc 
napers concerned with applied entomology (The Review of Applied 
Entomology). An analysis of reviews dealing with cockroaches and 
insecticides for the period 1942-66, shows the decrease in stud^ies on in- 
organic insecticides and plant extracts since World War II and the con- 




Fie. 2. Incidence of scienlific papers dealing wilh inseclicides 
and cockroaches during the years 1942-66. 


sidcrablc interest in organochlorinc compounds immediately following the 
war. It also shows the development of resistance to these insecticides in 
1953, and the subsequent emphasis during the last decade ot\ orgatio- 
phosphorus compounds and the insecticidal carbamates (Fig. 2). Improve- 
ments in the efficacy and safety of the materials used in insect control rely 
on endeavours in these areas of scientific research; this effort is reflected 
in the range of insecticides and techniques now used to control the pest 
species of cockroaches. 
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EVOLUTIONARY DEVELOPMENT AND 
CLASSIFICATION 


Characteristics of present -^ay cockroaches: lack of specialisation; areas of modification 
— Fossil cockroaches; the common ancestry of cockroaches and termites — Cockroach 
classification; relationships between cockroaches and other Orihoptcran-type insects — 
The Orders grvlloblattodea, orthoptira, phasmioa and dictyoptera — Sub- 
divisions of the Suborder blattaria — Evolution towards internal incubation of eggs. 


Cockroaches are among the most primitive of winged insects. Their origin, 
dates back 250 million years to the Carboniferous period and fossil records 
show that they were extremely abundant insects at that time. Other fossil 
records from the Carboniferous show that this was an age in geological 
history of moist conditions and high humidity which supported lush plant 
growth. Tillyard^'* suggests that cockroaches probably evolved together 
with the abundant flora of that time, when they became absolutely 
dominant and outnumbered in individuals, if not in actual species, all 
other groups of winged insects put together. 

In this chapter we are concerned with the information provided by fossil 
remains, the changes which have occurred during the period of evolution- 
ary development of cockroaches, and their affinities with other insects, 
notably termites, grasshoppers and crickets, mantids, and other Orthop- 
tera. To appreciate some of the changes which have occurred during evolu- 
tionary development, it is proposed here to give a brief description of the 
characteristics of present-day cockroaches and then to point out the 
primitive features which have been retained and the areas which have 
become specialised. 

Characteristics of present-day cockroaches 
The head 

The general shape -of most cockroaches is oval and flattened, the head 
when at rest is nearly horizontal and bent under, almost concealed by the 
pionotum, and the mouthTprojects backwards between the bases of the 
first pair of legs (Fig. 3). The wh ip-like ant ennae, inserted just below the 
middle of the eyes, are often longe^thanihe body and are composed of 

( very many short^segments. The raouthparts serve a biting, chewing and 
licking function; the mandibles are strong and toothed, the palps of the 
maxillae have five segments, and those of the labium have three. 

The compound eyes are usua lly large with many small facets. The simple 
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eves (occUi) are often present in winged forms, when they are located close 
to the antennal sockets, but they may be greatly reduced m size, or absent. 
When the forewings and hindwings are reduced, the ocelli are often repre- 
sented by small pale spots (fenestrae), or lost altogether. 

w-" PronMum Tegmert v,. 



Fore and Hind k 

Fig. 3. An adult male DIaiia oricniaVis showing the typical appearance 
of a present-day cockroach. 


,The thorax 

The pronotum Is large, rounded, and often projects over the head. When 
present, the tegmina (forcings) are usually much hardened and more or 
less translucent, their margins overlapping along the mid-dorsal line. The 
anal area of the forewing is distinctly marked off by a strong furrow. 

The hindwings are membranous and delicate. They arc always shorter 
than the tegmina, but are usually fully' developed when the tegmina are 
long. The hindwings arc always reduced if the tegmina are short, and may 
sometimes be rudimentary or absent. 

The jegs are slender, depressed beneath (he body and the three pairs are 
almost equal in length. They arc characterised by large flattened coxae,' 
which protect the ventral surface of the thorax, and the femora are long 
and compressed, the lower border having two ridges, or keels, which usually 
bear spines varying in size and number. The tibiae are heavily spined 
above and beneath. The tarsi arc five-jointed; the last joint has two claws 
with or without an aroUum between, the other tarsal joints usually have 
a pad, or pulvillus, beneath each. The legs are developed for progression 
6y rapid scurrying, pest cockroaches sefdom using their wings to escape. 

C' ' 77ie abdomen 

The abdomen is large relative to the thorax, often broad, especially in 
females, and composed of ten segments of which only seven or eight are 
visible. In some species the dorsal plates (tergites) of the first and second 
> abdominal segments of the male arc specialised or modified. The tenth 
I abdominal tergite is known as the supra-anal plate and bears, in both 
! sexes, a pair of jointed appendages known as cercL 

On the ventral surface of the abdomen nine plates (sternites) arc 
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visible in the male and seven in the female. The last slernite of both sexes 
is known as the subgenital plate. In the adult male, and n>Tnphs of both 
sexes, this structure bears two unjointcd appendages (styles). The tergites 
and sternites of the abdomen overlap each other and are capable of great 
extension and depression. 

The cockroaches of today have no visible ovipositor as in the closely 
related crickets, grasshoppers and locusts. Cockroaches difier from these 
insects in that the eggs are not laid singly, or in pods, but in groups in a 
hardened capsule — the ootheca. The nymphs resemble the parents in shape 
but are wingless, the wing buds appearing towards the end of nymphal 
development. 

Lack of specialisation 

Comparison of the features of fossil cockroaches (Fig. 4) with their present- 
day descendants, shows that they have changed very little with the passage 
of time. They have remained relatively unspecialised insects and their 



Fig. 4. Aphtboroblattina johnsoni; a fossil cockroach in an 
ironstone nodule taken from upper carboniferous rocks 
near Dudley in the South Stafford and Shropshire coalfieid. 
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generalised characters still far outnumber their specialised ones; their flat 
bodies have enabled them to retain a cryptic habit which has undoubtedly 
contributed to their spread in trade, assisted in their establishment within 
buildings, and caused difflculties in the eflfective application of insecticides 
to control the pest species. 

The records imprinted in the Carboniferous rocks show that, even as 
TEGMINA HINDWINGS 
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Eurycotis iloridana 




Eetobius lapponicus 


Diploptera dyliseoides 
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Blattella germamca 



vrating to wng reduction e.g. Curyeorh and filaltti. (2) reduced venation e n in the 
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long ago as 250 million years, cockroaches had many of the features which 
allow us to distinguish present-day cockroaches from other insects. Their 
habitat then was much the same as most of the outdoor-living species now; 
‘their association with fossil plants, especially ferns, suggests that they 
were, as now, fond of low moist places with abundant vegetation along 
the banks of rivers and marshes'.** Some, however, have managed to 
accomodate much drier environments. The more recent cockroaches have, 


TEGMINA HINDWINGS 





and (5) increased area of the anal lobe with fan-wise folding, e.g. in Leucophaea and 
Nauphoeta. Wings of males illustrated in all cases except P. amcricana and N. cinerea 
(after Rehn«). 
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nevertheless, undergone some modifications, principally to the female 
genitalia and the wings. 

Areas of modification 
The female genitalia 

The sword-shaped ovipositor of the female, first noticed by Brongniart**, 
is one of the most striking differences between fossil and recent cock- 
roaches. This structure has become much reduced and is no longer visible 
externally. It has become retracted into the body with the formation of the 
genital pouch. For this to have occurred, the abdomen has undergone 
considerable modification. The terminal segments have become retracted 
into the abdomen to form a cavity which holds the ootheca whilst eggs 
are placed into it. The eggs then develop externally in those species which 
retain the ootheca until hatching, or they are incubated internally (in a 
special brood sac) by those species which produce young alive. 

Thus, the function of the ovipositor has changed. It is now to guide the 
eggs into the ootheca during capsule formation, rather than, as in related 
insects, to insert eggs into the soil or plant tissue. In this respect, Sellards” 
suggests that the crickets, grasshoppers and locusts, which retain an 
external osiposilor, ‘present, no doubt, a closer approximation to the 
early condition, than do present-day cockroaches'. 


The wings 

Changes in the wings have involved a greater differentiation between the 
front and hind pair, and a reduction in size (Fig. 5). The tegmina (fore- 
wings arising on the mesothoracic segment) vary considerably in texture, 
form, venation and function. In early cockroaches their function was not 
only to assist flight, but to act as a covering for the hind (mctathoracic) 
wings when at rest. They also gave protection to the abdomen. 

In some of the most recently evolved cockroaches the use of the tegmina 
for flight has become more and more restricted whilst their protective value 
has become emphasised. In shape they are generally elongate and ovoid, but 
enormous variation exists; in some species the tegmina are long, extending 
well beyond the apex of the abdomen, but in others they have been lost 
altogether. There has been a tendency towards a reduction in the numbers 
of mam veins by fusion, but this has been associated with a greater com- 
pl^ty of cross veins. In no spccicsare the tegmina capable of being folded, 
e hmdwmgs, whilst less variable than the tegmina in function and 
venation and show three basic methods of 
folding (Fig. 6). In al three, the anal area of the hindwing is bent under. 
In Its simplest f^orm this folded area remains flat, as a simple flap. In the 
more advanced forms, the anal area has become folded fanwise with 
U fnH 7?’' “ • *’°*‘*"- the anal 

onto itstluuTS "" "" 
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When fullv developed the wings arc used in night, but when reduced they 
appear to be functionlcss. There is reason to believe that the reduction in 
wing size has come about in association with a burrowing habit. The need 
for water conservation was probably not great during the Carboniferous 
period but with the change in surface conditions and loss of the idea! 
environment, burrowing into the surface soil became essential for survival. 
Under these conditions wings were an encumbrance, and the eyes and 
ocelli, too, were of little value. 


Fossil cockroaches 

Some idea of the age of rocks mentioned here in connection with fossil 
cockroaches can be obtained from the scale of geological systems given in 
Table I. The literature on fossil cockroaches provides a fascinating study 
for the reader interested in evolutionary development. According to 

(a) 



Fig. 6. Three methods of folding the hind wings in cockroaches, 
(a) Primitive condition. The anal lobe folded under the hindwing as a 
flap (similar to the termite M. tbirwimen^is). (b) Intermediate con- 
dition. The anal lobe folded under fanwise as alternate convex and 
conca%e folds, (c) Advanced condition. Combination of two foldings, 
the anal lobe fanwise and the apex refkxed above the wing. 
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Blatcbley^ the oldest known Insect is a fossil cockroach, Palaeoblalta 
douvillei Brogn., from the Silurian sandstone of France. On this subject he 
quotes the palaeontologist S, H. Scudder as saying: ‘Of no other type of 


Table I 

GEOLOGICAL SYSTEMS 


Era 

System 

Age in mUhons of years 
{approx.) of lowest 
beds of each system 

CAINOZOIC 

(tertiary) j 

Recent 
Pleistocene 
' Pliocene 
Miocene 

1 Oligocenc 

L Eocene 

I 

15 

25 

40 

60 

MESOZOIC 

Cretaceous 

120 


Jurassic 

150 


Tfiassic 

180 

PALAEOZOIC 

Permian 

210 


Carboniferous 

280 


Devonian 

320 


Silurian 

350 


Ordovician 

400 


Cambrian 

500 

AZOIC 

Pre-Cambrian 

3.000 


insect Can it be said that it occurs at every horizon where insects have been 
found in any numbers; in no group whatever can the changes wrought by 
time be so carefully and completely studied as here; none other has furn- 
ished more important evidence concerning the phylogeny of insects’. 

Fossil cockroaches are group^ under the family Palaeoblattidae to 
distinguish them from the families of the ‘modern’ cockroaches. These 
ancient insects are known mostly from the wings, particularly the tegmina, 
since their chitinous nature provided them witha greater chance of fossilisa- 
tion than the decaying bc^y. In common with the predators of today, 
those of millions of years ago probably discarded the chitinous wings in 
pteference to the body of the insect as food, resulting in the greater chance 
of wings remaining for fossilisation. 

The second structure which has become most often preserved is the 
pronotum. Portions of head among fossil cockroaches are rare, since it 
would seem from imprints left in Carboniferous rocks that the habit of 
con^ling the head beneath the pronotum was already well-developed in 
the Palaeozoic era. Before Sellard’s paper" on fossil cockroaches in 1904, 
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the eyes and antennae of the Palacoblattidac had not been observed and 
very few wjngs had been described. 

The geological range of cockroaches extends from pre-carboniferous to 
the present day. Almost all the American fossil cockroaches which pre- 
serve the structure of the body come from two sources; the Middle or 
Lower Coal Measures of Illinois, and from the Upper Coal Measures in 
Kansas. In Europe, specimens have been taken from the coalfield at 
Commentry in southern France and from Westphalia in Germany. Twenty 
species found in Britain (Fig. 7) have been described in detail by Bolton;*^ 
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they are not restricted to one coalfield but have a wide distribution. Most 
have been found in ironstone nodules taken from beds of light-coloured 
rocks, more similar to hardened clay than normal shales and quite distinct 
from ordinary Coal Measure rocks. According to Bolton, these nodules 
occur in vast numbers ranging in size from half an inch to one foot across. 

The relationships between the various fossil cockroaches of the Palaeo- 
blattidae have been based principally on the degree of development of the 
wing veins. In many living insects the complex arrangement of veins makes 
it difficult to decipher the affinities between genera and species, but the 
task becomes relatively simple the further back one traces insects to their 
point of origin. As will be seen later in this chapter, the study of the wings 
of fossil cockroaches has been important in demonstrating the evolutionary 
link between cockroaches and termites. 

Fossil cockroaches from the Palaeozoic era indicate that females at that 
time had probably not developed the habit of depositing eggs within an 
ootheca. Sellards suggests that ‘many of the species doubtless deposited 
their eggs singly either in the ground, underneath bark of trees, or within 
small stems’. A fossilised ovipositor has been found on a number of rock 
specimens, similar in appearance to that of fossilised locusts. Certain 
Palaeozoic ferns in immediate association with cockroaches show a row 
of slits along the stem (rachis), which appear to have been made by an 
organ such as the ovipositor of the Palaeoblattids. Nevertheless at some 
stage during cockroach evolution the eggs became contained within a 
hardened ootheca, probably associated with the need to protect the eggs 
from desiccation. 


Brown** reports finding what he believes to be a cockroach ootheca in 
shale of the Lower Eocene strata lying above coal measures in Wyoming. 
These rocks are much more recent, only 50-60 million years old. He 
describes this ootheca as about 3 mm long and 2 mm wide with a fluted 


edge along the dorsal suture, typical of oothecae of living species. It had 
seven vertical lines equally spaced indicating what arc believed to be the 
internal egg chambers. Previous to this find. Brown was able to locate only 
five previous records of fossils purporting to be cockroach oothecae, all 
from the late Palaeozoic; one from Kansas,” two from Saxony,** and tw'o 
from France.** None of these, however, appeared to Brown to be suffici- 
ently comparable with egg cases of living cockroaches to be authentic 
specimens of oothecae. This view, however, is quite contrary to that of 
Laurenttaux** who is firmly of the opinion that during the Permo- 
Carboniferous two types of Blatlidac co-existed; females with an external 
ovipositor which laid eggs singly, and others with a smaller internal 
ovipositor, laying an egg case similar to modern cockroaches 
Whether or not the evolutionary development of the ootheca occurred 
within the last 100 million years, or more than 200 million years ago, is 
of less importance than the fact that it did actually occur, since this 
allowed a number of modifications to take place in the method of egg 
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incubation. These are considered later in this chapter (p. 35) in connection 
with the classification of cockroaches. 

The common ancestr}' of cockroaches and termites 

Termites have a close systematic relationship with cockroaches and have 
been found as fossils in all geological deposits from the Lower Tertiary 
onwards. They are more recently evolved than cockroaches and as a group 
are estimated to be at least 50 million years old, compared with the more 
ancient cockroaches with their fossil record of at least 250 million years. 

According to Imms^® there is little doubt ‘that termites arose from 
cockroach*like forms and subsequently developed a complex social 
organisation'. The fossil termites are no more primitive than one of the 
species of termite living today. This is Mastotermes darw'micnsis Frogg, of 
Australia, which has a wing structure similar to ibal of cockroaches as well 
as an egg mass (Fig. 8) similar to the cockroach ootheca. The individual 
eggs of this termite are firmly cemented together by a light brown gelatin- 
ous secretion which fills the interstices between the eggs. 




Fig. 8. The egg mass of (a) the primitive termite Masloternies darwin- 
iensis compared with that of (b) the primitive cockroach Cryplocercus 
pimclulaliis. The termite egg mass contains 22-24 eggs and is about 
5 mm. long. That of the cockroach contains about 32 and is 8 mm. long. 

In both, the eggs are arranged in a double row, those of the termite 
held together by a gelatinous secretion and those of the cockroach in 
a semi-transparent ootheca. 

Many writers have drawn attention to the close resemblance of winged 
termites with cockroaches, but not until 1937, when fossil cockroaches (of 
genus Pycnoblattind) were discovered from the Permian system, was 
there rigid proof of the descent of termites from cockroaches. This critical 
hnk which associates the two groups lies in the similar folding of the hind 
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wing of M. darwintensis (the only termite which folds its wings) and the 
fossil genus Pycnoblatiina. Til!yard*“ has pointed out that none of the 
fossil cockroaches folded their wings in the complex manner of living cock- 
roaches, but had evolved only as far as forming a small folded area known 
as the anal lobe. This is exactly the type of fold found in Mastotermes and 
the fossil genus Pycnoblattina. (Fig. 9). As we have already seen, the more 
recent cockroaches have gone far beyond AfasMermes in the specialisation 
of wing folding, whereas the more recent termites have lost this feature 
altogether. 



Fig. 9. A compari^n of Ihe venation and method of folding of the hirdwings of 
the fotsil cockroach. Pycnoblatiina, and the primitive living termite Mastolemes 
aantiniensis. 


^ Another similarity between the wings of termites and cockroaches lies 
tn the ease with which they become broken off at the base. In the wings of 
some primitive cockroaches, a break occurs that is similar to the line of 
wwkness (humeral suture) near the base of the termite wing where the 
wing brwks off after the colonising flight. In most termites the wings are 
shed «sdy at the humeral suture, backward pressure on the wing causing 

kiT. “iT "u "E is found in some 

n<I themselves of their wings soon after becom- 

ing adult. One pnus {Polyzosiena) Iivts m rotten logs, nymphs of all 

w1n« of ‘ih^ these conditions the 

gs of the adult cockroach are a hindrance to it and according to Till- 
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yard, it is common to find adults in which the wings have apparently been 
bitten off irregularly not far from the base. 

Another common feature of termites and cockroaches lies in their 
ability to digest cellulose. This is common among termites but not well 
developed among cockroaches. One large, primitive and wingless cock- 
roach (Cryptocercus pimclulalus Scudder, see p. 93) burrows in fairly 
sound wood and in partly decayed logs, where the wood ser^'es as both 
shelter and food. Intestinal micro-organisms occur in the gut of this 
cockroach; they enable wood to be digested and are very similar to those 
found in the intestines of termites. Snyder** speculates that possibly ter- 
mites originally obtained their protozoa from such wood-boring cock- 
roaches: in California this cockroach {Cryptocercus) and termites (species 
of Zoolermopsis) have been found inhabiting the same log. 

Other aspects of cockroach behaviour brought forward to support the 
close relationship of cockroaches and termites,** are the use of salivary 
secretion to form a ‘cement’ and the occasional habit of present-day 
cockroaches of laying their eggs singly. Many of the domiciliary cock- 
roaches have the habit of mixing bits of debris with mouth secretions to 
disguise their egg cases. Termites have the similar habit in nest building 
and repairing. The laying of eggs singly is the usual method of deposition 
in termites, but occasionally this too has been observed among female P. 
americana, towards the end of their lives ‘depositing eggs entirely un- 
protected by any trace of capsule’ (Gould & Deay* ). This, it must be 
assumed, was also the habit of fossil cockroaches which had an ovipositor. 

The sub-social behaviour, which occurs among some soil and wood 
inhabiting cockroaches has become a strikingly elaborate feature of present- 
day termites. The young of many species of cockroach remain grouped 
With the parent for some time after hatching, this apparently being neces- 
sary for the transfer of cellulose digesting bacteria in Cryptocercus punctii- 
latus (see p. 130) and an advantage to growth as shown by the advanced 
rates of development when the young of certain species are reared in 
groups rather than in isolation. It has been suggested, therefore, that cer- 
|ain traits of termite behaviour were already evident in cockroaches long 
before termites appeared on earth, these characteristics being handed down 
to them by their cockroach ancestors. 


Cockroach classification 

Classification is a system of convenience; an ever-changing arrangement, 
whereby insects with the closest similarities of anatomy, morphology, 
physiology and behaviour are grouped to provide ‘order’ among the 
iversity of forms that exist, and dividedinto smaller units, to facilitate the 
systematic naming of species in any group. 

It must be remembered that the units of classification, and there are 
many--Order, Suborder, Superfamily, Family, Subfamily and Genus — do 
exist in nature. They are man-made divisions, an artificial concept. 
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which in addition to establishing the affinities between difTerent groups, 
provide an aid to the biologist in devising analytical keys for the purpose of 
identifying species. 

As increasing knowledge of both living and fossilised insects becomes 
available, the inter-relation of species becomes more clearly evident. The 
following summarised account of the history of 2C0 years of cockroach 
classification,** will highlight the changes which have occurred. 

In 1758, in the 10th edition of Linnaeus' ‘Systema Naturae',*® all cock- 
roaches were grouped in one genus, Blatta — ‘insects that shun the light’. 
They were placed with other genera (now considered Orthoptera), in the 
Coleoptera, but in the 12th edition of 1767 they were transferred to the 
Hemiptera.** 

Six years later, De Geer*® proposed for the orthopteroid insects the 
Order Dermaptera; this is the oldest name for the entire group, but has 
eventually come to include only the earwigs. Olivier** in 1789 applied the 
name 'Orthopteres' to most of the genera then recognised and this system 
was followed by Lamarck*’ in 1801. 

A few years later, Leach** removed cockroaches from the other Orthop- 
tera and gave them the name Dictuoptera — changed by later workers to 
Dictyoptera. Soon after, Latreille** found the need to separate running 
from jumping forms and split the orthopteroid insects into two sections— 
(1) the ‘Cursoria’ which included the four genera Blatta (cockroaches), 
Mantis (mantids), Phasma (stick insects) and Forficula (earwigs), and (2) 
the ‘Saltatoria’ which contained the remainder of the Orthoptera— grass- 
hoppers, locusts and crickets. By 1838 Burmeister®* had recognised 20 gen- 
era and over 1 20 species in the group and a year later Servllle** recognised 
10 genera and 80 species of cockroach alone. Saussure** added a further 50 
species by 1864. 

The first ‘modern’ classification of cockroaches*® was made by Brunner 
von Wattcnwyl in 1865, in which he included 56 genera and 178 species, 
using wing venation for separation and characterisation. By the turn of the 
present century the number of recognised species of cockroach had grown 
to almost 2,CC0, and VerhoefP* placed the mantids with the cockroaches 
m a separate Order — the ‘Oothccaria* — later to be called by Navas,** the 
Dictyoptera’. 


The classification of insects most widely used between 1925 and the 
middle 1950's was that adopted by Imms” in his Textbook of Ento- 
mology in which cockroaches were recognised as a family (Blattidae) of 
5 , fsmiliescontalned the mantids, grasshoppers, 

insects. The Order Orthoptera thus contained a wide 
range of form and in the more recent revision of Imms' Textbook (1957),*’ 
'vas divided into four separate Orders; the n£me Orthoptera has 
been retained for the passhoppers, locusts and crickets only. The addition- 
(primitive wingless insects), the Phasmida 
(stick and leaf insects) and the DJetjoptera (cockroaches and mantids). The 
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cockroaches— now the Suborder Blattaria of the Dictjoptcra— comprise 
some 450 genera and over 3,500 species. 


Relationships bclnccn cockroaches and other Orlhoptcran-t)pc Insects 
The insects which belong to the four Orders mentioned above have a 
number of features in common. They arc: 

1. un-modified mandibulalc mouthparts, 

2. a large anal lobe in the hind wing, 

3. the presence of ccrci, 

4. numerous malpighian tubules, and 

5. several separate ganglia in the ventral nerve cord. 

It must be emphasised, however, that these characteristics also extend to 


insects of other Orders, such as the termites, earwigs and booklicc. A brief 
description of the insects belonging to the four Orders, once comprising 
the large group formerly known as the Orthoptera, demonstrates that they 
represent closely inter-related branches of evolutionary development. 

The Grjlloblattodca contains only six species of primitive wingless 
msects with reduced eyes and long cerci (Fig. 10a). They occur in western 
North America, Japan and Russia and because of their rarity they have not 
been given a common name. They arc omnivorous and nocturnal, living 
beneath stones at altitudes of 1,500-6,500 ft. They have a developmental 
l^nod of about five years. The Grylloblattodca are regarded as the only 
hvmg remnants of a primitive stock from which both the Dictyoptcra and 
the present Orthoptera evolved. 

The Orthoptera, which now contains only the grasshoppers, locusts and 
crickets is a large Order of over lO.CKK) described species. They are medium 
ink insects, mostly tropical, usually capable of jumping actively (Fig. 
10b and c). The group contains some strong fliers (notably the locusts) and 
special well-developed organs are present for slridulation in the males, 
and for hearing in both sexes. The majority of the Orthoptera are 
and the insects of one family, the Gryllotalpidae, are specially 
adapted for burrowing. The ovipositor of the female is usually strongly 


The affinities of the Fhasmida, the stick and leaf insects, with the other 
rders is uncertain. About 2,000 species are known; they are large, pre- 
tropical insects, although two New Zealand species have 
established themselves as part of the British Fauna in the Scilly Isles. The 
P asmids are characterised by their protective resemblance to the leaves 
an twigs on which they feed (Fig. lOd). The eggs are deposited singly in 
ar capsules, as in the Grylloblattodea, and not in egg-masses as in the 
r optera, or in oothecae, as in the Dict>optera. The eggs usually fall to 
a often resemble seeds. The males of some species are rare 

n?nt* ^ ^^nles of others are capable of producing fertile eggs without 
are capable of rapid colour change, and the ability to 
^nerate limbs rapidly after injury is characteristic of the group. 
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The Dictyoptcra are divided into two Suborders, the cockroaches, or 
Blattaria, and the mantids, or Mantodca, The majority of species arc 
tropical or subtropical. They do not fly uell and the wings arc often 
reduced or absent. The ovipositor Is small and normally well-concealed. 
The eggs are contained in an ootheca. The eyes arc usually well-developed, 
especially in the mantids, but those of cockroaches which live in caves or 


QHBiH ciTueninaaiA Btsfi masmis* 



SAaERSiaTOniU.SVt prou martbdea 



‘o cockroaches, (a) Crylloblalta sp. 
(female), (b) Stick insect, Camusius morosus, (c) Cricket, Acheta 
-Tr L®n8-horned grasshopper. Neoconocephahs 

palustns (female), (e) Mantid. Month rehgmsa (male). 
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in association with termites, are reduced or absent. The characters which 
separate the two Suborders are as follows: 

Suborder Blnttaria (cockroaches). The head is almost or completely 
covered by an enlarged pronotum. Occasionally two ocelli are present, but 
in most species they are represented by two thin areas of cuticle. The legs, 
including the first pair are adapted for running. The gizzard, or proven- 
triculus, has a well-developed armature for masticating food. Most are 
more or less drab, brown in appearance, predominantly tropical, but some 
have become established in temperate zones within the artificial environ- 
ments created by man, who has been largely responsible for their 
spread. 

Suborder Mantodca (mantids). The head is not covered by the pronotum 
and one frontal and two lateral ocelli are present. The first pair of legs are 
toothed and developed for seizing prey (Fig. lOe). The gizzard is not so 
strongly developed for masticating food as in cockroaches. There are 
about 1,800 species of mantids which are all carnivorous, notably on 
other insects. Mantids are usually green and some are modified in structure 
to simulate their surroundings. To obtain food, mantids often sit motion- 
less for long periods with the head erect and the legs ready to seize prey. 
This attitude of worship has given rise to the name ‘praying mantis’. The 
anatomy of mantids shows that they are undoubtedly close relatives of 
cockroaches. 

Sub-dhisions of the Suborder Glattaria 

Many attempts have been made to sub-divide cockroaches into families. 
Rehn *2 based his classification on the wings, but because many species 
are wingless these forms had to be excluded. Princis®® has used a num- 
ber of unrelated characters and reviewed the history of cockroach 
taxonomy. 

Undoubtedly the best and most recent sub-division of the group is that 
of McKittrick.®® Four characters are used, namely, the female genitalia 
and its musculature, the external male genitalia, the structure of the 
gizzard, or proventriculus, and ovipositional behaviour. She divides the 
Suborder Blattaria into two Superfamilies, which are further sub-divided 
into five Families and 20 Subfamilies. Many of the species mentioned in 
subsequent chapters of this book are classified according to McKittrick 
in Table II. 

In studying the variety of forms that exist, McKittrick believes that 
cockroaches have evolved along two divergent lines (Fig. 11). These she 
uses as a basis for dividing cockroaches into the two Superfamilies, the 
Blattoidea and Blaberoidea. The most primitive living cockroaches are 
contained in two families, the Cryptocercidae, which includes the 
wood-eating species, C. punctulatus (see p. 93) and the Poly- 
phagidae which have a simple fold to the anal lobe, resembling early 
termites. 
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Fig. 11. The evolutionary dcvelopmem of cockroaches according to McKittrick.** 


One of the features used by McKittrick to elucidate the lines of ancestry 
among the cockroaches of the Btabcroidea is the number of openings of 
the spermathecae into the genital pouch (see Chapter 8). The family 
Polyphagidae forms the earliest divergent line of development (with one 
opening) but there is evidence to show that this family and the family 
Blattellidae have a common ancestry, since some species of the Anaplec- 
tinae have only one opening, whilst others have two or more, as in the 
other Blattellidae and all members of the family BJaberidae. 

Another feature used to separate cockroaches of the family Blattellidae 
is the ability to rotate the egg case through 90 degrees after its formation. 
Those species which acquired this ability are contained in the Subfamilies 
Ectobiinae, Nyctiborinae and Blattellinae (e.g. Blattella gennanica), whilst 
those that did not, have given rise to species (e.g. Supella supeUectilium) 
which comprise the Plectoplerinae. 

Cockroaches of the family Polyphagidae can also rotate their oothecae 
but the type of rotation found in these species is considered to be primitive ; 
their oothecae have a flange by which it is held in the female’s genital 
pouch, none of the eggs being contained within the pouch itself.*® 

The differences which occur in the genitalia of female cockroaches show 
that once the means to rotate the ootheca had evolved, the common stock 
which gave rise to these insects quickly gave rise to other forms; those 
which could not only rotate the ootheca, but which began to retain it, and 
later to retract it internally into the abdomen (the family Blaberidae). 
Cockroaches that do not rotate the ootheca (i.e. Superfamily Blattoidea, 
Subfamilies Plectopterinae and Anaplectinae) deposit them 
shortly after formation (see Chapter 9). 
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Evolution toi>ards the internal incubation of eggs 

Speculating on the possible evolutionary trend towards the internal 
incubation of the ootheca, Roth & Willis** suggest that the preliminary 
step, from the oviparous habit of dropping the egg case, would seem to 
have been for the female to retain it, clasped in the oothecal chamber, 
for longer and longer periods of time. To enable the ootheca to be passed 
back into the genital pouch it had to be rotated from the vertical to the 
horizontal position. McKittrick points out that rotation of the ootheca 
frees the keel from the ovipositor valves, which block any anterior move- 
ment of the ootheca while it is in a vertical position. This orients it so 
that its height lies in the horizontal plane of the cockroach, which is much 
greater than the insect’s height. In this position it is possible for the ootheca 
to be shifted anteriorly beyond the bases of the valves. A logical advantage 
for rotating the ootheca prior to retraction suggested by Roth,*“ is that as 
the ootheca greatly increases in size during embryogenesis, it can be readily 
accommodated by lateral stretching of the abdomen, whereas there is far 
less room in these relatively flat insects for dorso-ventral expansion. 

The primary selective pressure influencing the evolution of internal 
incubation was, most probably, death of the eggs due to desiccation. 
McKittrick believes that if this was indeed the case, ‘a stage of oothecal 
retention such as that found in BhticHa was undoubtedly a precursor to 
the gradual and progressive retraction of the egg-case inside the mother’s 
body. The ootheca oi Blaiiclla remains highly permeable to water at the 
anterior end, where it is clasped in the genital armature, and, through this 
permeable area, water lost by the eggs through evaporation is replenished 
from the mother’s body. In Blatiella, this arrangement is evidently satis- 
factory, considering the success of the genus. The retention of a water- 
permeable ootheca would not be particularly advantageous in a damp 
habitat. However, under dry conditions, if water absorbed from the 
mother could not be replenished by her drinking, the result would be de- 
hydration of the mother’s body and eventual death of both parent and 
o spring. With a gradual reduction of environmental moisture, the pro- 
gressive retraction of the ootheca farther anteriorly might proceed rela- 

I greater the number of eggs enclosed by the mother’s 

body, the less the water loss, and thus, the greater chance of survival’. 

Po*nt out that the time 
ovoviviparous) to form and retract their 

^ ^ ■’“•b'cae. Speed is vital to the false 

earsaeCses "a'l « ‘bin that the 

In addi iL '.•’‘"“I'* "" ‘“"'“‘Pb'ta daring formation. 

CEEsisnamsif r ^rircation, the other danger which besets cockroach 
XrinZeto an 1 a of cockroaches like 

prrish"c wasns „htr from being destroyed by 

parasitic wasps which can penetrate the ootheca with their ovipositors, but 
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as far as is known, eggs which are incubated internally are not subject to 
attack by parasites because they arc protected within the female's body.^' 
Following the development of stock which gave rise to the internal 
incubation of eggs three main divergencies occurred, which can be separ- 
ated largely on differences in the form of the genital chamber. These three 
lines of evolution have given rise to what McKittrick calls the ‘Blabcroid’, 
‘Epilamproid’ and ‘Panchloroid’ complexes. 

In this chapter we have seen that cockroaches show considerable differen- 
ces in ovipositional habit as well as diversity of form. Perhaps this is not 
surprising in a group of insects which has had 250 million years in w’hich 
to evolve. The major factor which appears to have been responsible for 
the various modifications is the change from a hot, moist habitat to the 
more temperate conditions of today. 
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The origin, distribution, habitat, appearance and biology of the principal cockroach 
species: I. Closely associated with man; BlaUella germanica, Blatta orientalis. Perl- 
planela amerieana, Pertplaneta aujtrolasiof, Periplaneta brunnea, Periplanela fuhginosa 
and Supella siipelleetilium^ll. Occasionally associated with man; Pycnoscelus Surinam- 
eiisis, Leucophasa maderae, Nauphoeta emerea, Neoslyhpyga rhombifoUa and Blaberus 
spp. — Til. Accidental invaders of homes; EurycoHs floridana, Parcoblaiia pensybaniea 
and BlaUella vaga — IV. Outdoor species, in Britain (Ectoblus spp.), Australia (Melhana 
spp.) and the U.S.A. (Crypiocereus puiictulaius and Aitaphila fungicola ) — V. Other 
species of special interest; Gromphadorhim laexigata — Idenlificalion key. 


Cockroaches show considerable variation in their association with 
buildings. Some species live entirely outdoors and are never found indoors, 
others occupy a high pest status, living and breeding within building 
structures and are rarely, if ever, encountered in their natural environ- 
ments. Between these two extremes lie many species with all degrees of 
casual or accidental association. 

Geographical location influences the dependence of any given species on 
man-made structures. Thus, in the tropics the majority of pest cockroaches 
can exist and often breed outdoors, whilst in the more northern latitudes 
they are dependent for survival and reproduction on the warmth of build- 
ings. In some areas, certain of the pest cockroaches may be able to live 
outdoors during the warm summer months but are unable to survive the 
winter. 

In this chapter, cockroach species are separated in groups according to 
their degree of association with man. In making this separation two points 
must be emphasised: first, the groups are without well-defined limits and 
second, the presence of man himself is relatively unimportant in this 
association. 


he species included within each group differ in their geographical 
oistnbution and to some extent in their pest status. For example, it might 
seem incongruous to rank together the four most commonly encountered 
‘closely associated with man’, particularly as 
100 range of P. amerieana is extremely wide, encompassing 
.P®°P'®''''f’®fcasP.ci«/ra/aj/<?eislesstolerantofcooltcm- 
pf.Z- a more tropical climate. The ranges of P. brunnea and 

to tropical latitudes. Nevertheless, 
assoclaiinn n/tH Conditions within each range the degree of 

association of the four species with man is probably equal. 
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The phrase ‘association with man' requires special comment. As Rolh & 
Willis point out,* 'only the shelter and food that man unwittingly provides 
attract cockroaches to him; man’s physical presence is unnecessary’. The 
species closely associated with man arc pests of a great variety of structures, 
of homes, offices, shops, warehouses, ships, and aircraft, to name just a 
few. These species are generally described as ‘domiciliary’, a term used 
broadly to cover structures in which man lives, works, travels and stores 
his food, and even those for his own sanitation — toilets and sewers. 

Within this chapter, extensive reference is made to the works of a number 
of authors, in particular to the authoritative studies of Rehn* on the likely 
origin and spread of species, of Hebard"and Rolh & Willis* on the recorded 
distribution of cockroaches and to Willis and co-workers** on biology. 

Concerning the probable origin and spread of cockroaches, Rehn 
has drawn attention to ‘the erroneous assumptions often repeated in the 
literature, in no small measure added to by the specific names given to 
cockroaches by the early systematists, such as orientalis, gerntanica, 
americana, australasiae, surinamensis and macierae.' It is often not recog- 
nised that these species had most probably gone to such areas with early 
voyagers and thus become one of the 'first settlers’. 

To determine the most likely origins of the various cockroaches, Rehn 
dravp's largely on the incidence and distribution of allied, non-domiciliary 
species which belong to the pest genera. This he supports with records of 
historical trade movements, it being certain that the spread of such pests as 
the German, Oriental and American Cockroaches was greatly assisted by 
the early maritime nations, these cockroaches now extending far outside 
their natural range. 

Unfortunately it is not possible to provide a detailed picture of the world 
distribution of the common species of cockroaches. Neither is it possible 
at the present time to give distribution maps for particular countries. 
Ragge** has provided a recent account of the occurrence of cockroaches in 
Britain, but the distribution range of the most frequently encountered 
species in the U.S.A. is known only approximately; a detailed appraisal for 
all States, such as that undertaken for Texas*® and a number of others, 
remains to be completed. 

The number of different cockroaches found in any area is largely in- 
fluenced by climate. Thus of the 57 species known to exist in the United 
States, almost two-thirds (32 species, including the recently established 
Blattella vaga) occur in Texas. Apart from the size of this State, Hebard 
suggests that the reason why such a high proportion of American species 
occur there, can be largely attributed to the effect of its great range of 
climate on the diversity of flora and ecological habitats — from the swamp 
forests along the eastern border with the south-eastern States, to a semi- 
arid area in the south-west and tropical zone on the Mexican border. 
Compare this with the British Isles, which have a relatively narrow range 
of climate, two cockroach species established in buildings, a few rare 
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introductions which become established only occasionally and three out- 
door species which are confined to the southern counties. 

In the following account of the principal species, the appearance of the 
adult is briefly described, which, together with the illustrations and key {at 
the end of the chapter) should enable the interested reader to identify the 
most frequently encountered cockroaches. Colour is not a reliable diagnos- 
tic feature ; considerable variation occurs between the sexes and insects taken 
from different locations and therefore only a general reference to colour is 
given, which should not be relied upon for purposes of identification. 

Brief accounts are also given of the biology of each species. Some have 
been studied by a number of workers, under quite different environmental 
conditions, with the result that marked discrepancies occur in the informa- 
tion reported. The best example of this is the information available on P. 
americana (Table V). It is for this reason that the data obtained by Willis 
et al.**, at near optimal conditions for each species, is used most extensively 
in the following pages, so allowing a reasonably reliable comparison be- 
tween the life histories and reproductive habits of the different species. 


I. SPEaES CLOSELY ASSOCIATED WITH MAN 

Seven domiciliary cockroaches are included under this heading. They are 
the ones most commonly encountered in buildings and all can legitimately 
be called pests. Cosmopolitan species included here arc the German and 
Oriental cockroaches, which are the only two species of importance in 
Britain, and two species of Periplaneia — the American and Australian 
cockroaches. 

This group also includes the Brown-banded Cockroach, which has risen 
to pest status in the United States, only during the last 40 years, and two 
other species of Periplaneta — the Brown Cockroach and Smoky-brown 
Cockroach, common in properties in the southern United States. 

BlatteUa germamca (Linnaeus)— The German Cockroach (or ‘Steamfly’) 

A number of Asiatic species belong to the genus BlatieUa. Fifteen occur with 
B. germanica in N.E. Africa between the great African lakes, Ethiopia 
and the Republic of the Sudan. It is this area of Africa* which is considered 
to be the original home of what has become one of the most widespread 
ot the domiciliary cockroaches (Fig. 12). 

From N^th Africa it is believed to have found its way into eastern 
Europe in Greek and Phoenician ships, spreading into Byzantium, Asia 
inor, he Black Sea region and southern Russia. This occurred many 
centuries ago. It then spread slowly northward and westward across 
urope, certainly more recently than the Oriental Cockroach which came 
to Britain by the same route. 

This slow rate of spread by Ihe German Cockroach across Europe may 
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Fig. 12. Probable areas of origin and early directions of spread of B. gerntanlca, B. 
orienraUs and P. americarui from Africa to the New World, as suggested by Rehn.' 


be attributed to the very slow development of trade with Russia.^ Once in 
western Europe it became distributed by commerce to virtually all parts of 
the world, and could best be described as the ‘world’s most successful 
commercial traveller’. The German Cockroach became established in 
England as recently as the middle of the last century and Miall and 
Denny*’ refer to its supposed establishment in Leeds by means of bread 
baskets carried by soldiers returning from the Crimean War. 

Blatiella germanica was first named Blatia germanica by Linnaeus®* in 
1767 from insects taken in Denmark. It is now a ubiquitous pest throughout 
the United States having been introduced into the New World from 
Europe. It reaches its greatest abundance in the Central States of North 
America and ranges as far north as Ontario, Manitoba and Alberta in 
Canada. It was first recorded in Australia in 1893. 

Jfabitat 

The German Cockroach prefers a warm, moist environment. Consequently 
It has become a common pest of kitchens, larders, and restaurants where 
rood, warmth and moisture provide the necessary ecological requirements, 
but it is rarely found in bedrooms. The climate in Britain does not normally 
allow this species to survive outdoors. There is, however, a record*® of its 
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occurrence in considerable numbers in February within a rubbish heap, 
and in the temperate climate of the north-central United States the 
German Cockroach has occasionally been found, sometimes in large 
numbers outside buildings; in some areas this species has been reported 
living in soil under basementless properties from early summer to late 
autumn.*® There are records of it occurring outdoors under rubbish and 
on date palms in California®® and in large numbers in a city dump in New 
York.®' The German Cockroach has also been found outdoors in other 
parts of the world; in woods and under moist leaves in Algeria®* and in 
Formosa®* — in environments probably resembling those of its origin. 
Interestingly, the German Cockroach has also been found in gold mines 
and caves in South Africa.®* 

In heated buildings, B. germanka has been able to withstand the climate 
of Alaska®® and for many years this species has been the most prevalent 
cockroach in the galleys, store-rooms and accommodation of modern 
ships. The types of premises and locations in buildings most frequently 
infested by this cockroach in Britain are given in Chapter 14. 
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Appearance 

Blattella gennanica is a small cockroach (Fig. 13), 10-15 mm long, pale 
ochraceous bufT to tawny in general colour, with distinct dark parallel 
bands running the length of the pronotum. In the nymphal stages, these 



bands are normally broader and continue posteriorly onto the meso- and 
metanota. The sexes can be readily distinguished by the following charac- 
teristics: 


Male 

Body thin, slender. 

Terminal segments of abdomen 
visible, just not covered by the 
tegmina. 

Conspicuous depressions (gland 
openings) on the 7th and 8th 
abdominal tergites (Fig. 14). 
Cerci with eleven segments. 


Female 

Body stout, robust. 

Entire abdomen just covered by 
the tegmina. 

All abdominal tergites similar, 
without depressions. 

Cerci with twelve segments. 
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The ootheca is large (8x3 mm) relative to the size of the adult, and is 
carried by the female until the eggs hatch; the surface is polished with 
distinct divisions indicating the positions of the eggs within. 




Hg. 14. The abdomen of a sexually stimulated adult male Ji. germanica, 

(a) with the wings displayed exposing the openings of the dorsal 
glands on the 7th and Sih tcrgilcs, (b) detail of gland openings. 

Biology 

Many laboratory studies have been made on the biology of the German 
Cockroach. Information on development at 30°C is given in Table III- 
Both sexes mature at about the same rate. Adults mate a few days after the 
final moult and repeated copulation by females occurs, although one mating 
may be sufTicient to fertilise all the eggs produced during a lifetime.®* 
According to Haber,” oothecacy^e produced 2^ days after the first suc- 
cessful copulation, but before ift ootheca is formed the abdomen of the 
female distends noticeably. At the beginning of ootheca formation, the 
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external opening of the genital pouch becomes enlarged and the white, 
translucent tip of the ootheca is just visible. Within the same day the oothe- 
ca protrudes and is fully developed by the following day. It changes from 
white to pink in a few hours, then light brown and in a day or two to 
chestnut brown. After its appearance the oothcca is almost always rotated 
sideways with the keel to the left or right. 

An indication of the age of the attached oothcca can be obtained from 
its appearance; 3 or 4 days before hatching a green band appears down 
each flat face of the oothcca, increasing in density until hatching occurs. 

Rau*® found that the oothcca was carried for 6-16 days with an average 
of 10 days, but this is much shorter than the period reported by most other 
workers; Gould®* states that the incubation period of the ootheca is 
shortened by 1-5 days for every degree F rise in temperature. Usually it is 
held by the opening of the genital pouch until just before the eggs hatch. 
Occasionally, however, hatching occurs whilst the egg case is still attached 
(Fig. 98, p. 225) and it may be carried by the female for 2 days after the 
young have left it. 



Successive cxithecae 


^2" 15. The number of eggs per ootheca in relation to the sequence of 
Ootheca formation in B. germaniett and B. vaga (after Willis, et o/,**)- 
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The ootheca is large (8x3 mm) relative to the size of the adult, and is 
carried by the female until the eggs hatch; the surface is polished with 
distinct divisions indicating the positions of the eggs within. 




Fig. 14. The abdomen of a sexually stimulated adult male B. germaniea, 
(a) with the wings displayed expo^ng the openings of the dorsal 
glands on the 7th and 8th lergites, (b) detail of gland openings. 


Biology 

Many laboratory studies have been made on the biology of the German 
Cockroach. Information on development at BO’C is given in Table III- 
Both sexes mature at about the same rate. Adults mate a few days after the 
tinal moult and repeated copulation by females occurs, although one mating 
be sufflcient to fertilise all the eggs produced during a lifetime," 
According to Haber." oothecaethe produced 2-4 days after the first suc- 
'"Ph'ajmn, but before tl& oothcca is formed the abdomen of the 
IS cn s noticeably. At the beginning of ootheca formation, the 
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external opening of the genital pouch becomes enlarged and the white, 
translucent tip of the ootheca is just visible. Within the same day the oothe- 
ca protrudes and is fully developed by the following day. It changes from 
white to pink in a few hours, then light brown and in a day or two to 
chestnut brown. After its appearance the ootheca is almost always rotated 
sideways with the keel to the left or right. 

An indication of the age of the attached ootheca can be obtained from 
its appearance; 3 or 4 days before hatching a green band appears down 
each flat face of the ootheca, increasing in density until hatching occurs. 

Rau*® found that the ootheca was carried for 6-16 days with an average 
of 10 days, but this is much shorter than the period reported by most other 
workers; Gould*® states (hat the incubation period of the ootheca is 
shortened by 1-5 days for every degree F rise in temperature. Usually it is 
held by the opening of the genital pouch until just before the eggs hatch. 
Occasionally, however, hatching occurs whilst the egg case is still attached 
(Fig. 98, p. 225) and it may be carried by the female for 2 days after the 
young have left it. 
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Successive oothecae 

Fig. 15. The number of eggs per ootheca in relation to the sequence of 
ootheca formation in B. germattiea and B. vaga (after Willis, el n/,«). 
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The number of eggs in each ootheca decreases with succeeding egg cases 
after the production of the fourth (Fig. 15). All the eggs hatch in about 
five minutes. Ross*® obtained hatching at all temperatures from 15-35*C, 
and from studies of many oolhecae. Woodruff^ states the average number 
of n>mphs to emerge is 32, although the number is quite variable. 

Under optimal conditions of food and temperature, development to 
adult is achics cd in six weeks, but in unheated buildings, where the ambient 
temperature may be just adequate for survival, speed of development 
varies with the season. Thus In Indiana one generation is completed in 90 
days for eggs produced in July and 130 days for eggs formed in Septem* 
bcr-April.*‘ 

The first external signs of wings occur in the penultimate n>'mphal stage 
when the posterior angles of the incso- and metanota become slightly en- 
larged. In the last nymphal stage these angles become conspicuous. The 
adult seldom flies but is capable of gliding flight. The German Cockroach 
runs sw iftly and is generally more active than the Oriental Cockroach. It Is 

Tatile hi 

TMi: niOLOGY or rlattc . li ^ gcrmasica and dlattclla vaca 
DASCO ON LABORATORY DATA (AVERAGES). 

(From Willis « o/.*') 
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not uncommon to find one or two German Cockroaches moving during 
the day m infested premises whereas this is rarely so with the Oriental 
species. 

Blatta orientalis Linnaeus — (he Oriental Cockroach (or ‘Black beetle’) 
Early literature and the name given to this cockroach suggests that it came 
from the East. However, when Linnaeus’* established the genus Blatta in 
1758, and named the species from material taken in America, Russia, 
Sweden and Finland, he considered that the Oriental Cockroach was a 
native of America and had become introduced into the East. 

Evidence suggests that the assumptions of both Eastern and American 
origins are ‘undoubtedly wrong*. Rchn* draws attention to the 
documented information which establishes the movement of B. orientalis 
westward across Europe, making its way into Holland and England by the 
reign of Elizabeth I. It was recorded in Holland in the early seventeenth 
century and in wine cellars in England in 1624. 

From a study of the many species of Blatta, there is now reason to 
believe that the Oriental Cockroach was originally a native of North 
Africa. It travelled to eastern Europe by the same means as B. germanica, 
via early trading vessels in the eastern Mediterranean (Fig. 12). Once in 
Europe it spread northwards and westwards and its entry into Chile and 
Argentina, the only South American countries where it appears to have 
been established for many years, was doubtless by way of Spain.* 

There is little evidence to indicate that this cockroach can establish 
itself in the humid tropics. As Rehn says, ‘on the contrary, it would appear 
to have come from an area which combines summer heat and 
moderate winter*. This is supported by the existence of wild forms — the 
nearest known relatives of B. orientalis— in East Central Africa. 

B. orientalis has become a major pest of buildings and generally distri- 
buted by commerce throughout temperate regions; it is the major domi- 
ciliary cockroach in Britain (Chapter 14), and occurs over all but the 
most northern parts of the United States, where, like B. germanica, it 
occurs in greatest abundance in the central latitudes. It occurs in Canada 
(there are records given by Hebard” for Toronto and Ontario in 1917) but 
it is apparently not common in Brisbane, Australia.®* 

Habitat 

The preferred temperature range of B. orientalis is 20-29‘’C (Chapter 12). 
This upper limit is lower than that of B. germanica (33°C) and in buildings 
the Oriental Cockroach is therefore usually found in areas noticeably 
cooler than those occupied by the German Cockroach; these are typically, 
basements and cellars, service ducts and crawl spaces. In kitchens, harbour- 
ages occur behind radiators, ovens, hot-water pipes and under floor 
coverings; this species is often found in toilets, behind baths and sinks — 
where large numbers congregate around sources of water. The Oriental 
D 
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Cockroach can also tolerate hot, dry locations around domestic and 
industrial heating appliances, provided the insects can obtain access to 
water at intervals- 

Infestations of the Oriental Cockroach arc most frequently encountered 
below ground level, or on the ground floor of buildings, but a greater 
number of reports are being received each year in the United States of 
insects on the second, third, fourth and even fifth floors. The number 
of individuals noted on upper floors is seldom large but the frequency of 
occurrence is much greater than reported in earlier work, varying up to 
30 per cent of observations made in some areas.*® 

There are many records of this cockroach occurring outdoors; it is 
occasionally able to survive winter conditions in Britain and has been 
found under the bark of trees, sometimes far from buildings, in rubbish 
heaps and refuse dumps, as well as on pavements, on the outside walls of 
buildings and around swimming pools. In Russia it has been found in 



FIe. 16. Adult Biaiia orifnialij, above (a) male 

opposite (b) female with ootheca (x 2-5) 
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caves inhabited by bats but uninhabited by man.*® In the Crimean peninsu- 
lar the Oriental Cockroach has been found under stones and dead leaves, 
apparently breeding outdoors. 

Observations reported in 1956 have pointed to an increasing incidence 
of the Oriental Cockroach outdoors in the temperate North Central 
States of America:*® 'B. orienialis is frequently found out of doors 
around homes during the summer months and can become exceptionally 
numerous in garbage and trash dumps. In some well-kept residential urban 
areas, yards of whole blocks of homes have been described as “alive” with 
these roaches on a warm summer night. Many observations have been 
reported of 25 to 30 roaches being seen on a concrete walk 25-30 feet long’. 

Hebard*® reports that in infested houses around Philadelphia, B. 
orientalis swarms during May, coinciding with the arrival of the Shad in 
the Delaware River (a fish which ascends the river to spawn) and in con- 
sequence is locally known as the Shad roach. Similarly, Gould^® quotes an 
instance of ‘migration’ from a city dump to nearby houses. 
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In the United States, the Oriental Cockroach is a pest of sewers, and on 
ships it is associated principally with cargoes in holds (Chapter 11). 

Appearance 

The genus Blatta contains many species. In all, the sexes are dissimilar, 
the tegmina and wings of the male almost reach the apex of the abdomen, 
while the tegmina of the female are very short with the wings absent, or 
greatly reduced. Throughout the genus, a reduction in the organs of 
flight is accompanied by a broadening of the pronotum. Nymphs and 
adults of all species of Blatta are without a pad (arolium) between the 
claws which prevents them from climbing very smooth surfaces. 

Blatta orieniahs is a large cockroach (Fig. 16), about 20-24 mm long, 
the sexes similar in si 2 e, dark reddish-brown to black, although readily 
distinguished by the reduced tegmina of the female (Fig. 20), but neither 
sex is able to fly. The ootheca is large (10x5 mm) with feeble depressions 
defining the egg sacs within; it is dark reddish-brown and soft at first, 
intensifying in colour to black after deposition, when it becomes hard and 
brittle. 

Biology 

Early accounts of the nymphal development of B. orientalis suggested that 
the period between hatching and the final moult was about four years. 
This is doubtful even under the poorest conditions of food supply and low 
temperature. In unheated locations the ootheca may remain dormant and 
not hatch until the following spring and nymphal development may also 
cease during the winter. The maximum period of development in buildings 
without heat is probably two years. 

The first detailed observations on the life history of this species** showed 
that the life cycle at 82°? (28'’Q is completed well within a year. Gould*® 
gives 533 days for nymphal development to maturity at 78®F {25°Q and 
316 days at 85®F (30‘’C). He stales that the incubation period of eggs is 
shortened by 2 5 days for each degree F rise in temperature. 

The rate of development at 30-36‘'C is given in Table IV; each female 
produces 5-10 oothecae and at emergence the young nymph is quite unlike 
the active nymph; the legs, antennae and mouthparts appear soldered to- 
gether. This ‘pronymph* lasts for a few minutes after which the first moult 
occurs. At hatching the nymph is completely white except for black eye 
spots and three ‘teeth’ on the mandibles which appear brown and chitin- 
ised. 

Males mature more rapidly than females, and nymphs reared in groups 
reach maturity sooner than those reared separately. The adult life-span 
vanes from two months under warm conditions to nine months in cool 
situations. Unfertilised females arc capable of producing oothecae and 
some of the eggs hatch, but females only are produced, few reaching 

iTinuinlv ' ^ 
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THE BIOLOGY OF B. ORIENTAUS BASED ON LABORATORY DATA 
(AVERAGES).** TEMPERATURE 30-36*C 


Duration of copulation: 

Interval between moult to adult and production 
of first ootheca: 

Interval between successive oothecae:* 
Incubation period of ootheca; 

Eggs per ootheca:* 

Hatched eggs per ootheca: 

Percent of hatched insects that matured; 
Number of moults: 

Period of nymphal development : 

7 moults: 

10 moults; 


40 minutes 
12 days 

10 days (Rau**) 
44 days 

Up to I8(Rau‘*) 
15 

91-94®;, 

7-10 


1 64 days (males) 
282 days (females) 


• Not given by Willis et o/.“ 

Periplaneta amerieana (Linnaeus) — ^The American Cockroach 
The American Cockroach was first named Blatta amerieana by Linnaeus in 
1758, but was referred to in i773 as Blatia kakerlac when De Geer” 
described this insect. It was moved to Periplaneia when this genus was 
established by Burmeister’® in 1838. 

There is now good reason to believe that the names given to both the 
American and Australian cockroaches are quite erroneous in indicating 
their origin. Evidence points to tropical Africa as the original home of P. 
amerieana. A number of native non-domiciliary species of Periplaneta 
occur in many parts of tropical and southern Africa, as well as in the Far 
East, but throughout tropical Africa both P. amerieana and P. australasiae 
occur almost everywhere under domiciliary conditions as well as outside 
human habitations — more so than in most other tropical countries.* Rehn 
suggests that ‘slave ships from the West African coast continuously 
moving for nearly tw’O centuries, doubtless provided the means of intro* 
duction into South America, the West Indies and the southern United 
States’ (Fig. 12). 

The American Cockroach is now an outstanding pest in tropical and 
subtropical areas and has become distributed by commerce throughout the 
lower latitudes and well into the temperate regions of most of the world. 
It occurs throughout almost the whole of India®* where ‘it infests every 
dwelling house, in the store-rooms, kitchens, cupboards and libraries, etc.’ 
In the United States it is a domiciliary species throughout the warm 
southern States and extends further north than any other species of Peri- 
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planeta. It has become well-established in the City of New York and has 

been introduced into the northern States by trade. 

There are a number of known instances where the American Cockroach 
has become established in premises in Britain: it is readily introduced into 
ports on cargoes and distributed in those cargoes to inland manufacturing 
industries (Fig. 17). It was also once established in a number of coal 
mines in South Wales."**® 



Fig. 17. The recorded disiribution of the American cock- 
roach {.Penplaneta a/nericarui)in Britain show ing the probable 
ports of entry (after Raggc.**). 


Habilal 

Periplaneta americana prefers a warm moist environment. Like B. ger- 
manica, the upper limit of preferred temperature is 33°C (Chapter 12). 
In tropical and subtropical America, this cockroach is common outdoors 
where it is seen most often during July and August; adults and nymphs 
prefer to congregate where the temperature is about 28°C, but unlike the 
Brown-banded Cockroach (5. supcllectihum), American Cockroaches re- 
mam acti\c at 21®C.‘* In warm months they are abundant in dumps, out- 
buddings and wood piles; they have been recorded living under decaying 
debris in Bermuda,'® on palm trees along the south coast of Texas where 
they arc attracted to street lights (Gould & Deay*‘), and these same 
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authors have observed ‘alleyways and yards overrun by this species in the 
summer'. A recent report from Washington D.C.” has drawn attention to 
American Cockroaches feeding on the exuding sap of certain species of 
trees. In addition to coal mines in Britain, the American Cockroach has 
also been found in similar locations in India and Sumatra and in gold 
mines in South Africa. Specimens have also been taken in caves in India, 
East Africa and Madagascar. 

Indoors, P. americana is a common pest of restaurants, bakeries, 
grocery stores and all premises where food is prepared and stored. It is 
found in basements, on the first floor and higher if food is available. In 
certain areas of the United States it occurs in latrines, privies and sewers. 
It was once common in the galleys and mess rooms of ships but in these 
locations the American Cockroach has been largely usurped by the German 
Cockroach. P, americana is still, however, a frequent traveller among 
cargoes in holds. 

Appearance 

A large cockroach (28-44 mm long), shining red-brown with a paler 
yellow area around the edge of the pronotum. The fully developed wings 
extend well beyond the tip of the abdomen in the male but only just over- 
lap the abdomen in the female (Fig. 18). These are used for flight over 
short distances but such flights are rare and sluggish.** P. americana may 
be readily distinguished from the other common species of Periplaneta, 
with the exception of P. brunnea from which it is more difficult to separate. 
(See key to species, p. 95 and Fig. 36.) 

The sexes of the adult American Cockroach differ in appearance; the 
tip of the abdomen of the female has a ventral keel with a sUt running along 
it. Both sexes have a pair of well-developed cerci, but the adult males only 
have a pair of ventral styles on the last abdominal stemite. 

The first five nymphal stages are almost uniform pale brown, but a 
change is noticeable in the sixth, with the development of paler patches on 
the pronotum either side of the dorso-median line. The sexes of all the 
early instars can be distinguished by the posterior margin of the ninth 
sternite which has a sharp median notch in the female, but is smooth and 
only slightly indented in the male (Fig. 19). 

Wing pads appear early in nymphal development during the third or 
fourth instar. By the last nymphal stage the tegminal pads are about 
7 mm long with the venation distinct. In all the young stages styli are 
present on the ninth abdominal stemites of both sexes except the last 
nymph of the female. In the penultimate nymphal instar and the one before 
that, the styli in females become hidden beneath the seventh sternite. 

The ootheca of P. americana (8x5 mm) is brown when freshly deposited, 
but turns black in one to two days. It has weak indentations between the 
egg sacs with usually sixteen teeth along the ridge, each tooth under 
magnification showing a minute opening at the apex. 
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Fig. 18. Adult Periplaneta americana, abovi; (a) male; 
opposite (b) fetnale with ootheca. (x2) 


Biology 

Nutrition and temperature markedly affect cockroach development and 
discrepancies can therefore be expected when studies are carried out under 
differing experimental conditions or in different environments in widely 
separated geographical areas. This is emphasised by the variable data 
summarised in Table V. In his studies on a number of cockroaches, 
Gould** found that the period of nymphal development of P. americana 
was more influenced by temperature than any other species; a reduction 
of three days was obtained for each degree F rise. Willis et al** observed 
that this species does not thrive well in isolation, more rapid development 
of nymphs being obtained when bred in groups. 

^ When infestations of P . americana occur in unheated premises variations 
m the ambient temperature and humidity retard growth during the winter 
but maturity may be reached in any month of the year. In Pusa, India, 
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Table V 

THE BIOLOGY OF PERIPLANETA AMERICANA 


Interval between copulation 
and production of ootheca : 3-7 days** 


Interval between moult to adult 
and production of first 

ootheca: 7-14 days;** 8-36 days, av. 13 days;’* 20 

days’* 


Interval between successive 

oothecae: 4-10 days;** 5-12 days;*’ av. 6 days;’**’ 

av. 9 days* 


Oothecae produced per female; 

10-15 within 10 months;** 16-8^ 

av. 59;’* 


av. 21 ;’* 

at least 30’» 


Period ootheca carried before 




deposition: 

6-25 hrs;** <24 hrs at 25’C;’‘ 

24 hrs;’* 


2 days;’* 

up to 3 days but occasionally 


longer;* 

up to 6 days” 



Days 


Kef. 

Incubation period of ootheca: 

24-38 

30-36 



28 

— 

»« 


35 

30 

St 


35-100 

— 



(av. 55) 




38 

— 

»• 


40 

29 



42 



Tt 


45 

— 

» 


48 

26 

6* 


53 

17-28 

r» 


59 

25 

** 

Eggs per ootheca: 

6-16;* 14-28;* 16:** max. 18. 

av, 12;’* 


18-28*’ 




Nigam** noted that the instar which falls during the cold months is excep- 
tionally long and he refers to this period as a ‘partial hibernation’. He 
obtained only one generation per year, oothecae were generally laid in 
summer (beginning in April-May) and very few during the winter. 

Early records of this species’* suggest that from four to five years is 
required for development from egg to adult. Perhaps this occurs under 
extremely adverse conditions, but more pertinent figures for the entire life 
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BASED ON DATA FROM VARIOUS SOURCES 


Hatched eggs per ootheca: 

Av. 13-6 from 511 oothecae’* 

Number of moults: 

9-10;” 9-13;” 10” 


Months Moults Sex °C Ref. 
Nymphal development: NormaHy41-5, 

but up 10 15 — — 25-30 


5 

13 

9 

13 

F 

M 

30-36 

<■ 

1 6i 





28 




_ 

24 

1 7 

- 

- 

30 


1 85 

9 

1 

— 

F 

M 

29 

ti 

i 91-301 

- 

- 

- 


10-15 
' (In India) 

— 

— 

— 

ct 

1 

- 

- 

- 

S 

1 Hi 

(Puerto Rico) 


— 

— 

78 

> 1 year 

; (in U.S.A.) 

- 

- 

— 

5 


Adult life span: 102-588 days, av. 450, males shorter lived 

than females;” 9-12 months;® 200-700 
days’* 


span, from egg to the natural death of adults at 29°C, under conditions 
simulating a well-heated building, show that life expectancy ranges over 
630 days but may be as great as 1 ,243 days.” 

In Gould & Deay’s’* experiments, the first three to four moults of the 
American Cockroach occurred at regular intervals of about a month, but 
thereafter the intervals varied from one to six months ; variation in develop- 
ment occurred among cockroaches hatched from the same ootheca, adult- 
hood being achieved by three insects in 424 to 61 6 days, whilst one was still 
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in the eleventh instar at 632 days. Gier” using warmer conditions states 
that the duration of successive instars increases with stage from 18 
to 50 days; if a nymph moults early in one stage it continues to moult 
early in succeeding instars, thus reaching maturity much earlier than 
average. Under these conditions some instars may be omitted. 

In the studies of Gould & Deay, the maximum number of oothecae 
produced by one female was 90, and gave rise to 970 young. As the ootheca 
is formed and filled with eggs it is gradually pushed out of the genital 
pouch; it is white at first, but turns brown in about one hour. The com- 
plete process of ootheca formation takes three to four hours. 

Among the many workers who have tried to demonstrate partheno- 
genesis in the American Cockroach, Nigam** and Gould & Deay’* were 
unsuccessful. The latter showed that females can produce egg capsules 
without previous mating, but all were infertile. Griffiths & Tauber’* how- 
ever, found that parthenogenesis was possible but infrequent; ‘it occurred 
among 4-5 per cent of well formed, seemingly normal capsules produced 
by virgin females’. Certainly the presence of males and the opportunity for 
mating increases the number of egg capsules and their rate of production 
(Chapter 9), but a fresh macing is not necessary for the production of 
each ootheca; Haber*’ recorded 13 oothecae laid in four months following 
a single mating, and Gould & Deay’* refer to one female which lived for 
232 days and produced 28 fertile capsules out of 30 (with an average of 
14 young from each) after only one prc-ovipositlonal mating, 


Periplaneta aiistralasiae (Fabricius)— The Australian Cockroach 
This species was originally named Blalia australaslae, when in 1775 the 
term ‘Australasiae’ probably meant not ‘of Australia and New 2^aland’, 
but ‘of Southern Asia’.®*’ It is the most frequently encountered cockroach 
in houses in Brisbane,** reported as rare in Sydney in 1906 by Froggat,*’ 
and not so widespread as P. americana in India, where the Australian 
Cockroach is found mostly in the south and in Ceylon.** 

Among species of Periplaneta, the Australian Cockroach is second in 


importance only to P. americana as a world-wide pest in buildings. In 
common with most other domiciliary cockroaches, P. australasiae appar- 
ently originated in the tropics or subtropics, probably in Africa, from 
which it migrated first in association with slave labour and then through 
commercial channels into the warm climate of most of the inhabited 
world. It IS now an occasional pest in the cooler areas where man has 
provjded . warm, moist, artificial environments (e.g. greenhouses) in 
which this insect thrives. When this cockroach has appeared in green- 
houses and other artificially heated places in the colder regions of the 
nitcd btates, *it breeds and increases in numbers with great rapidity, 
temporarily becoming a dangerous pest’.** 

At the turn of this century, P. australasiae was reported as the most 
abundant and troublesome species in Florida* where it was widely cstab- 
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BimtUA S;,P(LL* BLATTA PAKOBLATTA PAKCOBLATTA PVCNOSCflUS BIABIRUS 

CERMANICA SUPf UtCTtllUM 0A1EKTAUS KNSVIVANICA 80U1ANA SURINAMENSIS CRANItEtR 



Rg* 20. Diagrammatic representation of cockroach species to show, (1) comparative 
size, (2) difference between males (left) and females (right), (3) degree of size variation 
within each sex (minimum measurement on left; maximum measurement on right) and 
relationship between tegmen and body length (from Hcbard**). 

Crypiocercus punciulatus is wingless; brachypterous females exist in P. bolliana, B. 
ortentalis and in both sexes of E. floridam. Pycnoscelia siirinamensis is parthenogenetic 
in America. Females produce females only. The measurements for the male are from 
one specimen only. 

lished both in and out of doors. It does occur in the United States further 
north, but as it is more affected by cold than P. americam, it does not 
become a major problem in unheated buildings, such as warehouses, 
subject to frost.®* 

P > australasiae has now become a pest of buildings in many areas of 
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the tropics; its domiciliary habits have been recorded as far apart as 
Africa, Ecuador, Puerto Rico, and the Philippine Islands. It occurs both 
indoors and outside in the West Indies, and has been frequently im- 
ported into Britain from the West Indies and from Brazil on cargoes of 
bananas. 

Habitat 

This species is circumtrop/cal, preferring a moist warm environment with 
a temperature somewhat higher than that required for the develop- 
ment of P. americana. In infested premises it occupies a similar habitat 
to the American Cockroach but has not, as far as is known, been taken 
from sewers. 

Outdoors,?, australasiae has been found in a variety of situations: under 
stones in Bermuda,** in a field of sugar cane in the Virgin Islands,*^ under 



Fig. 21. Adult 

Periplanefa 

auitralasiae, 

Male: 

opposite 

Female with 

ootheca. (x2) 
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leaves of coconut palms in Jamaica,” in bird guano in caves in Sarawak*® 
and beneath logs in Florida.**®" It has been taken in greenhouses in France, 
Italy and Britain and at one time was responsible with B. oricnialis and P. 
americana for damage to plants in the tropical house of the Royal Botanic 
Gardens at Kew. Its recorded distribution in Britain is very similar to that 
illustrated for P. americana (Fig. 17). 

Appearance 

A large cockroach (30-35 mm), generally somewhat smaller that P. 
americana, reddish-brown with fully developed wings (which enable it to 
fly) overlapping the apex of the abdomen in both sexes (Fig. 20). The 
female has a ventral keel at the tip of the abdomen and like the previous 
species, the dark pronotum is surrounded at the edge by a pale ring which 
is more distinct in P. australasiae (Fig. 21). It differs from P. americana and 
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P. brunnea in having pale basal margins to the tegmina. Nymphs are 
strikingly marked with yellow spots on the thorax and abdomen. The 
ootheca (10x5 mm) has feeble indentations, as in P. americana. 


Data on the reproduction of P. australasiae at 30-36®C is given in Table 
VI. Each female produces 20-30 oothecae and the rate of nymphal de- 
velopment is similar to P. americana, taking about a year. Nymphs reared 
collectively mature more rapidly than when alone.^* The adult life span is 
four to six nionths. Eggs produced parthenogenetically may hatch but 
fail to reach maturity. 


Table VI 

THE REPRODUCTIVE ABILITY OF PERIPLANETA AUSTRALASIAE 
BASED ON LABORATORY DATA (AVERAGES)**. EXPERIMENTAL 
CONDITIONS 30-36°C 


Minimum interval between moult to adult 


and attempted mating by males; 

Interval between moult to adult and 

5 days 

production of first oothcca: 

24 days 

Interval between successive oothecae: 

10 days 

Incubation period of oothecae: 

40 days 

Eggs per ootheca: 

24 

Hatched eggs per ootheca: 

16 

Percent of hatched insects that matured: 

55% 


Periplaneta brunnea Burmeister — The Brown Cockroach 
This is another species, believed to be a native of Africa, carried around 
the world in commerce. Its present distribution is more confined to the 
tropics than P. americana. 

The Brown Cockroach was first recorded in the United States in 1907, 
from the Slate of Illinois, subsequently in Texas in 1917 and from Chile 
and Guyana in 193S. U is now common in the southern United Stales, in 
Florida, North and South Carolina and from Georgia westwards to Texas. 
In some areas it is more common than the American Cockroach. It occurs 
typically in pantries, grocery stores and outbuildings and has been recorded 
indoors as far north as Philadelphia. It is an obnoxious household pesi 
collected from army camps, city dumps, privies, as well as from sewers.*' 
Periplaneta brunnea has been taken on shipments of bananas arriving ir 
Britain from Dominica.**** More recently two separate infestations be- 
came established in buildings at London (Heathrow) Airport (Chaptei 
11), one near to an area handling baggage of passengers in transit,** th( 
other In a stable of the animal transit centre.** 
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Habitat 

Similar to P. anwricana. 

Appearance 

The colouration of this species resembles that of P. reddish- 

brown with a yellow margin on the pronotum surrounding a dark central 
area— but it is a smaller species measuring 31-37 mm in length (Fig. 22). 



Fig. 22. (a) AdiiU female Periptaneta brumico (x 1'5); (b) adult male 
Periplaneta /utifinosa (xl*5). (Courtesy: Drs. Roth & Willis, U.S. 
Army Natick l.aboratorles.) 


The paired blotches on the pronotum are usually less conspicuous; the 
tegmina and wings are not usually as long relative to the abdomen, and do 
not differ in length between the sexes quite so much as in P. omericana 
(Fig. 20). P. brunnea is capable of gliding flight. 

The most useful features which distinguish the tw’o species are:®® 


Cercus: 
(Fig. 36) 


Ootheca: 


E 


P. brurmea 


Adult stage 


P. americana 


Stout, spindle shaped, the 
last segment triangular, less 
than twice as long as the 
basal width. 


Stout basaJly, but tapers 
markedly, the last segment 
tending to be parallel 
sided, two or three times 
as long as the basal width. 


Large (12-16 mm long), 
less rounded laterally, 
securely glued when de- 
posited, contaiiung an 
average of 24 eggs. 


Smaller (8 mm long), not 
so securely glued when 
deposited, containing an 
average of 16 eggs. 
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P. brumea P. americana 

First stage nymph 

Antennae: The first 8 and last 4 Antennal segments uni- 

antennal segments con- formly brown, 
spicuously white, the inter- 
mediate ones brown. 


Mesothorax: 


Abdomen: 


Abdomen: 


A median translucent area This area absent. 
alloviS light to pass through. 

Faint cream coloured spots These segments entirely 
on dorso-lateral margins of brown. 

1st and 2nd segments. 

Intermediate stage nymphs 

Cream coloured spots on These segments entirely 

dorso-lateral margins brown, 

extend from 2nd-6th seg- 
ments. 


Biology 

Little detailed information is available on the biology of P. brunnea. 
Copulation by females occurs within a few hours of the final moult.** 
At 30®C the interval between the last moult and production of the first 
ootheca averages ten days.** This interval drops to four days between suc- 
cessive oothecae but increases to 13 days at the lower temperature of 24®C; 
the eggs hatch in 40 days at 30®Cand in 81 days at 24®C. The duration of 
nymphal development has apparently not been recorded. Adults live 240 
days (females) and 290 days (males). 

In culture the ootheca is glued to the substrate by a secretion from the 
mouth parts which hardens to form a strong ‘cement’. In the studies of 
Willis et al.*^ eggs hatched from nine per cent of oothecae produced 
parthcnogcneticany and 66 of the 208 hatched nymphs matured. All were 
females. 


Periplaneta fuUginoia (Scrvnic)—Thc Smoky-bronn Cockroach 
Formerly named Kakerlac fuJiginosa by Serville,*' this subtropical species 
was first recorded from North America in 1839. It is a domiciliary species 
found most abundantly tn the southern States; it is well established in 
Georgia, northern Florida and westward to Texas. In the south-east it is 
common outdoors in garages, outbuildings, woodpiles and porches of 
homes where it flies lo light at night. 

In some parts of the southern States P.fuUginosa is also established in- 
side homes. As a domiciliary pest it is second only to D. germanica in 
homes in south-west Georgia where it is the most common species in 
prjsies.** It has also been found on a few occasions in heated buildings 
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further north: breeding in a greenhouse throughout the year in Indiana,** 
as far north as Chicago, Illinois** and as a household pest in Iowa.** 

Appearance and biology 

Periplaneta fuliginosa is similar in size to P. brunnea (31-35 mm long), but 
it is entirely shining brownish-black, almost as dark as D. orientalis, the 
only uniformly dark coloured species of Periplaneta found in North 
America (Fig. 22). The wings of both sexes cover the abdomen. 

Details of the biology of the Smoky-brown Cockroach, obtained from 
laboratory studies, are given in Table VII. According to Gould** this 
species responds to temperature in a similar manner to P. americana; 
hatching from the ootheca occurs in 70 days at 23°C, reducing to 56 days 
at 25*5'’C and 37 days at 30‘^C. Nymphal development, however, is rela- 
tively unaffected by temperature, but nymphs reared in groups mature 
more rapidly than those in isolation.** Adult males attempt to mate five 
days after the final moult. 

Table VII 


THE BIOLOGY OF PERIPLANETA FULIGINOSA BASED ON 
LABORATORY DATA (AVERAGES).** TEMPERATURE 30-36X 


Interval between moult to adult and production 

of first ootheca: 

16 days 

Interval between successive oothecae: 

11 days 

Eggs per ootheca : 

20 

Percentage of hatched insects that matured : 

51®; 

Number of moults: 

9-12 

Period of nymphal development: 

(i) in isolation : 9 moults 

474 days (males) 

11 moults 

586 days (males) 

(ii) in groups: 

179 days (males) 

191 days (females) 


Supella supellectilium (Serville) — ^The Brown-banded Cockroach 
This species was originally named Blatta supellectilium from insects taken 
in Mauritius in 1839. It is now known from considerable areas of the 
tropics and subtropics of the Old World and is distributed over much of 
Africa outside the forests of the West Coast. No non-domiciliary species of 
Supella is known except from Africa and it is therefore reasonable to 
assume that Supella supellectilium is of African origin.* 

The Brown-banded Cockroach was introduced into the West Indies 
probably by slave ships and was first recorded in Cuba in 1862 as Blatta 
cubensis, where, according to Saussure,®* it was very common at that time. 
From there it became established in Horida and was first recorded at Key 
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West and Miami in 1903. Shipments of fruit from Florida probably pro- 
vided a ready means of spread northwards into the Southern States and 
by 1930 it was reported from other parts of Florida, Georgia, Alabama 
and Texas. 

The only published account of Supelh being troublesome in a private 
house in the United States before 1937 is that of Whclan»» who recorded it 
in Nebraska in 1929. In 1937 Back” wrote: ‘there is no question about its 
ability to maintain itself and to become a nuisance in the more southern 
cities of the U.S.’ In that year it was recorded as far north as Chicago and 
Indianapolis, and Back’® accounting for its spread, added ‘it would seem 
that the increased travel, particularly by autoists who carry luggage to 
more northern parts after winter sojourns in southern Florida is respon- 
sible for the apparently recent and wide distribution of Supella'. 

By 1940, the Brown-banded Cockroach had reached Washington D.C., 
Indiana, Illinois, Wisconsin, and South Dakota. By 1954 the records of 
the Economic Insect Survey Section of the U.S. Department of Agriculture 
(Fig. 23) showed that S. supelleclllitim was known from as far afield as 
twenty States;” it had become established in heated homes, apartments 
and hospitals where moderately high temperatures satisfied the require- 
ments of the insect. It has now been recorded from every State of America 
except Vermont. 

Supella supelleciilium is a major domiciliary pest : an adventive from the 
tropics, carried around the word in trade, established notably in homes in 
the southern United States and has increased rapidly in abundance 
during the last 40 years. Such is the possible rate of development of pest 
status by a cockroach where conditions favour the survival and reproduc- 
tion of the species. The Brown-banded Cockroach was first recorded in 
Queensland, Australia,” in 1924 where it was introduced more recently 
than the other domiciliary cockroaches. 

Apart from two infestations of the Brown Cockroach {P. brunned) found 
in southern England in the last two years, the Brown-banded Cockroach 
(S. siipellectilium) is the most recently introduced cockroach to become 
established in Britain. No records of breeding colonies were recorded here 
before the present century and even now there are very few. According to 
Ragge,*® this species has so far become established only in dwelling houses 
and offices, but one additional observation (unpublished) is available of it 
occurring at an American Air Force base in Britain, where it is thought to 
have been introduced with personal effects. A further infestation in 
London is mentioned in Chapter 14. 

Habitat 

Stipcila is recorded as the commonest cockroach in Khartoum, where some 
50 years ago It was said to occur in nearly all buildings and native huts. 
Supella breeds throughout the year in the Sudan and every stage of de- 
velopment IS seen at all seasons. It is usually nocturnal, but is occasionally 
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seen in the day time. It often flies around lights in houses and has also 
been observed flying outdoors. 

Kevan & Chopard’” refer to it as a cosmopolitan species, occurring 
both out of doors and as a household pest, apparently endemic to non- 
forested areas of Africa north of the Equator. Hafez & give a 

number of references to its occurrence in Egypt along the Nile valley where 
Supella is found throughout the year, but not so abundantly as B. germanica 
or P. americana. Outside Africa and the countries mentioned above, the 
Brown-banded Cockroach has been recorded from Mexico,” Brazil, 
Hawaii,*” and Fiji.*®* 

Unlike the German Cockroach, which is usually confined to kitchens 
and eating areas, the Brown-banded Cockroach spreads throughout in- 
fested premises. It prefers locations high up in heated rooms, where the 
temperature (in the United States), probably averaging 80°F (26-5'’C) for 
most of the year, allows possibly two generations a year.®* 

SupeVa supeVedUium is found in desk and bureau drawers, behind 
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pictures, on book shelves where it feeds on the gum sizing of books, behind 
wall paper where it feeds on the paste, beneath tables and other furniture. 
It is active and has a tendency to fly when disturbed. It has a preference for 
harbouring in furniture, bedding, cupboards and behind picture moulding, 
and seldom visits kitchens except in search of food.®' Mallis,'°® commenting 
on the wide distribution of this cockroach throughout infested apartments, 
suggests that it is probably the commonest species of cockroach in bed- 
rooms, this wide dispersal making it especially difRcult to control. 

Appearance 

A small cockroach, similar in size to B. germanica, the adult male (IS- 
M'S mm long) is slightly larger than the female (10-12 mm); the tegmina 
of the male completely cover the abdomen, but rarely reach the tip of the 
abdomen in the female (Fig. 24). The male is extremely slender, the female 
broader, both generally ochraceous buff with the face and genae suffused 
with chestnut brown to black. 

There is considerable colour variation in this species. The lateral edges 
of the pronotum are transparent, the remainder dark, the pronotum of the 
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adult often with a paler area in the centre. Females are usually darker than 
males and in the more intensely coloured specimens the whole of the 
pronotum may be dark. The basal area and posterior half of (he (egmina 
are chestnut coloured, fairly irridescent, giving the adult an attractive 
appearance. 

The nymph has two brown bands which are very distinct; one across 
the posterior margin of the mesonotum, the other across the first abdominal 
segment extending laterally along the next few segments. The remainder of 
the mesonotum and the entire metanotum are transparent ochraceous buff. 

The ootheca of S. supeUectilium (4 x2'5 mm) is the smallest of the more 
common domiciliary cockroaches, it is reddish-brown, purse-shaped with 
18-19 teeth along the seam and nine vertical furrows on each side, these 
corresponding with the position of the eggs within. 


Biology 

Data on reproduction and (he rate of development of S. supeUectilium at 
30°C (Table VIII) obtained by Willis et a/.,** agree closely with the in- 
formation obtained from cage experiments in Khartoum. The number of 
eggs in successive oothecae remains constant at 14-17 (Fig. 25), and does 
not drop so markedly as in Blaiiella (Fig. 15). The maximum egg hatch 
in Supella is obtained from the seventh oothcca. 



Successive oothecae 

(Sr wins « W//cc,/to™ 
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The incubation period of oothecae at 65 per cent relative humidity falis 
from 74 days at 77°F to 43 days at 8!*F and to 37 days at 86*F. At 77- 
86®F the incubation period is shortened by an average of iive days for 
each degree F rise in temperature.®* 

Temperature also influences the rate of growth of nymphs. Develop- 
ment to maturity takes 164 days at 77“F, reducing to 92 days at 84*F, a 
shortening in development time of 1 1 days for each degree F rise. Both 
sexes mature at the same rate,"** but adult males live longer than females. 
This is not supported by the findings of Hafez & Afifi’°' in Egypt, who give 
average life spans of 1 1 5 and 1 36 days for males and females, respectively, 
at 25°C (70 per cent relative humidity) and 87 and 104 days at 32'’C (70 
per cent relative humidity). Relative humidity in the range 40 per cent 
to 80 per cent (at 32“C) does not materially affect adult life span. 


Table VIII 

THE BIOLOGY OF SUPELLA SUPELLECTJUUM BASED ON LAB- 
ORATORY DATA (AVERAGES).** EXPERIMENTAL CONDITIONS 30’C 


Minimum interval between moult to adult 


and copulation: 

3 days (females) 

5 days (males) 

Period of copulation: 

Interval between moult to adult and pro- 

at least 30 minutes 

duction of first ootheca: 

10 days 

Interval between start of formation of 

ootheca and deposition: 

18 hours 

Oothecae produced per female: 

5-18 (average 11) 

Interval between successive oothecae: 

6 days 

Incubation period of ootbeca; 

40 days 

Eggs per ootheca: 

16 

Hatched eggs per ootheca: 

12 

Percent of hatched insects that matured : 

85% 

Number of moults: 

&-8 

Period of nympha! development: 

(i) in isolation: 6 moults 

69 days (females) 

8 moults 

114 days (females) 

(ii) in groups: 

54 days (males) 

56 days (females) 

Adult life span : 

90 days (females) 
115 days (males) 
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II. SPECIES OCCASIONALLY ASSOCIATED >VITH MAN 

AH the species included under this heading are more likely to occur outside 
buildings than within. The first four species have been disseminated in 
trade and are capable of breeding within man-made structures. These are 
the Surinam Cockroach, which occurs in dwellings in various parts of 
the world, the Madeira Cockroach which is less widely reported as a 
domiciliary pest, and the Lobster Cockroach which establishes itself in 
buildings only occasionally. Little is known of the domiciliary habits of 
the fourth species, Neostyhpyga rhombifoUa, which gives rise to infesta- 
tions in buildings in various parts of Asia. 

Species of Blabems are not usually recognised as pests of buildings, their 
normal habitat being the tropical rain forests of Central America. Never- 
theless, breeding colonies of at least two Blaberid species have been taken 
from properties in the New World. 

Pycaoscelus surinamensis (Linnaeus) — ^The Surinam Cockroach 
This species, originally called Blatia surinamensis, was first described in 
1767 from specimens taken in Surinam. Since then it has been widely 
distributed in trade within the humid tropics and subtropics, and is now 
abundant in the Florida peninsula and around Brownsville in Texas. 
Infestations have also been recorded in New Orleans and San Antonio.^* 
This cockroach becomes temporarily established in greenhouses arti- 
ficially heated during cold weather. A few records exist of colonies con- 
fined almost entirely to these conditions in England and Scotland.^* It has 
been found in greenhouses in the northern United States and in Germany 
where in some instances it has proved to be responsible for considerable 
damage to plants. 

The key to the origin of this species lies in the peculiarity of partheno- 
genesis. As far as is known no adult male has been taken in nature in the 
New World and similarly none has been recorded from the British Isles. 
Records show that ‘as far back as 1865, males were only known to the 
systematist Carl Brunner from the East Indies, and from Burma in 1893V 
Up to 1945, males had been found only in oriental collections of this 
insect. Other endemic species of the genus Pycnoscelus occur in Indo- 
Malaysia and these, together with the localisation of males of P. surinamen- 
sis, lead to the conclusion that the species is of oriental origin. 

Rehn believes that P. surinamensis was probably introduced into Africa 
via the cast coast with Arab trade across the Indian Ocean. The intro- 
duction into western Mexico is likely to have been via Spanish galleons 
from the west. Its presence on the Atlantic coast of the United States 
probably derived from slave ships from Africa visiting the West Indies 
where the species is firmly established. 
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Habitat 

The Surinam Cockroach has been recorded as a household pest in the 
southern United States, the East Indian islands, Philippines, Tanzania and 
Trinidad. It has also been taken around chicken batteries in Hawaii. In 
common with many other tropical species, the distribution ofP. svrhwmcn- 
sis is greatly influenced by cold: in the laboratory'*”* 95 per cent died at 
36-40'F (2-^''C) with 100 per cent fatality overnight at 24'’F ( — 4'C). 

In tropical climates this insect is less likely to occur indoors than out- 
doors. Tlie natural environment of P. surinamensis is under stones and 
loose litter where the females with young often burrow In the topsoil; they 
have been recorded outdoors from Egypt (in moist soil), the Virgin Islands 
(under rubbish), Puerto Rico (under stones), Barbados and Cuba (in sugar- 
cane fields), Jamaica and Florida (in various situations), from Haiti 
(damaging potato tubers), Hawaii (feeding on pineapple roots), from 
Sumatra (damaging tobacco plants) and from Texas in nests of wood 
rats.'*^ 

Appearance 

Pycnoscelus surinamensis is a medium-sized cockroach (18-24 mm long), 
shining brown to black. The tegmtna and wings which are fully developed 
in both sexes extend considerably beyond the abdomen. The posterior 
margin of the pronotum is strongly sinuate (Fig. 26). In some but not all 
specimens the pronotum has a pale band along the anterior margin. 
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The eggs are enclosed in a transparent membrane retained within the 
abdomen. This egg case has the appearance of the ootheca typical of other 
species, but is only partially developed. 

Biology 

The biology of P. surinamensis has two features which distinguish it from 
the cockroaches previously described: (1) parthenogenesis (in the New 
World) whereby all offspring are female and (2) false ovoviviparity 
(Chapter 9) whereby an ootheca Is produced, extruded externally and 
then withdrawn into the brood sac of the female where the eggs develop. 
This feature is also characteristic of the Madeira and Lobster Cockroaches. 


Table IX 

THE BIOLOGY OF PYCNOSCELUS SURINAMENSIS (PARTHENO* 
GENETIC STRAIN) BASED ON LABORATORY DATA (AVERAGES).^* 
EXPERIMENTAL CONDITIONS I8-24*C 


Interval between moult to adult and prO' 


duction of first ootheca: 

7 days 

Interval between moult to adult and hatch 


of first brood: 

42 days 

Incubation period in brood sac: 

35 days 

Average number of broods per female: 

3 

Interval between hatch of successive broods: 


lst-2nd: 

48 days 

3rd-4th: 

82 days 

Eggs per ootheca: 

26 

Hatched eggs (first ootheca only): 

21 

Percent hatched insects that matured: 

86% 

Number of moults: 

8-10 

Period of nymphal development (at 30'’C): 


(i) in isolation: 8 moults: 

127 days (females) 

10 moults: 

1 84 days (females) 

00 in groups 

140 days (females) 

Adult life span: 

307 days (females) 


Leucophaea maJerae (Fabricius) — ^The Madeira Cockroach 
This species is firmly established in the West Indies where it is universally 
present in Cuba, Jamaica, Hispaniola, Puerto Rico and the Bahamas, often 
being an abundant and serious pest in homes and warehouses. It occurs in 
all the islands of the Greater Antilles and in some of the Lesser Antilles. 

Leucophaea maderae was first reported in the United States in the early 
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nineteenth century. In more recent years it became established in the base- 
ments of buildings in the Harlem section of New York, occupied by people 
from Puerto Rico. In the South American Continent, the Madeira Cock- 
roach is found in coastal Brazil, and established colonies are known from 
Costa Rica, south through Panama, Colombia, Venezuela, the Guianas 
and from Ecuador and Argentina. 

This insect was first described from the island of Madeira, in the 
Atlantic, about 4C0 miles west of Morocco. Another five species belong to 
the genus Leiicophaea, which together with the Madeira Cockroach occur 
over most of Africa, south of the Sahara.* Accordingly, there is evidence 
to suggest that the Madeira Cockroach was originally a native of West 
Africa, brought across the Atlantic to the West Indies and to the coast of 
Brazil, probably before 18C0 (Fig. 27). 



Fig. 27. Probable areas of ori^n and early directions of spread of (a) L. 
maderae and (b) N. cinerea from Africa, as suggested by Rehn'. 
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Outside tropical Africa, L. maderae is known from the Canary Islands, 
Morocco, Spain and Corsica. In Asia and the Pacific, records are available 
for only three locations; viz., Java, the Philippines and Hawaii. In the 
Mid-Pacific islands it was recorded in native huts as far back as 1897. As 
far as is known, the Madeira Cockroach does not occur in India, Australia, 
Southern China or the greater par! of Malaysia. 

Habitat 

In tropical regions, this cockroach lives outdoors; it is gregarious 
and develops large colonies. The insect has been found in sugar-cane 
fields in Barbados and associated with palms, guavas and bananas in 
Dominica. 

The banana is apparently a favourite food;’* it is not surprising there- 
fore that this species has been introduced on shipments into the United 
States and is frequently encountered at ports by quarantine inspectors. 
Similarly it has been brought into Britain on imports from the West Indies, 
Canary Islands and Cameroons**'”” but has not succeeded in establishing 
itself here. 

Buildings can often provide this cockroach with a suitable habitat. 
Outside America it is domiciliary in Madeira, the Windward Islands, 
Philippines and Trinidad. In Puerto Rico it Is most often encountered 
in fruit stores, warehouses and markets, where it is especially fond of 
grapes. 

The establishment of the Madeira Cockroach in Kew York in 1953 led 
Gurney’®* to suggest that it could become an important domestic pest in 
cities in well-heated buildings. He refers firstly, to the increasing pest status in 
the United States of the Brown-banded Cockroach (S. siipellectilium), as an 
example of the potential spread of an introduced species and secondly, to 
the suitability of tropical Florida as a favourable habitat and point of 
introduction of L. maderae from the Bahamas and other West Indian 
islands. However, with the increasing importance attached to quarantine 
in the prevention of pest introduction the likelihood of a serious problem 
arising is now small. 

Appearance 

A large cockroach (40-50 mm long), with legmina and wings covering the 
abdomen. It is pale brown to lawny olive, the tegmina marked with two 
dark brown lines in the basal area, and the posterior areas mottled (Fig. 
28). The male has a specialised organ on the dorsum of the second ab- 
dominal segment, and the nymphs have short microscopic spines which 
arc conspicuous along the dorsal posterior margin of each segment. 

The adult is slow moving but files actively ; it is capable of producing an 
ofTensivc odour when disturbed and there arc reports of it being able to 
produce sound by stridulalion. moving the posterior margin of the 
pronotum over the mesonotum. 
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Fig. 28. Adult female Lencophoca 
maderae. (xl*5) (Courtesy: Drs. 
Roth & Willis, U.S. Army Natick 
Laboratories.) 


Biology 

In Brazil mating occurs mainly during the warm rainy season and usually 
takes 20-30 minutes (Scharrer»). The species is false ovoviviparous (see 
p. 216) and according to this author the number of young produced at one 
time ranges from 25-32, considerably greater than the number obtained 
by Willis et al** in the laboratory (Table X). 

Females undergo one more moult than males and thus take longer to 
niature. Nevertheless, the period of nymphal development given by Willis 
€t al. for the two sexes is considerably shorter than the seven to eighteen 
months quoted by Scharrer. She records the life span as two and a half 
years. 

Nauphoeta cinerea (Olivier) — the Lobster Cockroach 
This species gets its name from the Lobster-like design on the pronotum, 
but is also called the Cinereous Cockroach from its ashy colouring. It is 
^ pest species of world-wide distribution which was first recorded in the 
southern United States in 1952. Occasionally, it is imported into Britain 
on fruit and other foodstuffs and has been recorded in England and in 
Germany in heated buildings.”* 

The Lobster Cockroach, originally named Blatta cinerea in 1789 from 
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Table X 

THE BIOLOGY OF LEUCOPHAEA MADERAE BASED ON 
LABORATORY DATA (AVERAGES).'** TEMPERATURE 30-36^C 


Minimum period between moult to adult and 
copulation: 

Interval between moult to adult and produc* 
tion of first ootheca: 

Incubation of ootheca: 

Eggs per ootheca: 

Hatched eggs per ootheca: 

Percentage of hatched insects that matured: 
Number of moults: 

Period of nymphal development: 

(i) in isolation: 7 moults: 

8 moults: 


(ii) in groups: 


1 1 days (females) 

20 days 
58 days 

34 

18 


99% 

7-8 


127 days (males) 

1 83 days (females) 

121 days (males) 
150 days (females) 


specimens taken in Mauritius, was not given its present name until 1922. 
It is a tropical domiciliary cockroach of the New and Old Worlds, occurr- 
ing in Cuba, Hispaniola, Mexico, Brazil and the Galapagos Islands. In 
the East, it is widely distributed in the Philippines, Sumatra and Singapore 
and occurs in Australia, New C^aledonia and the Hawaiian Islands. The 
East African records extend from Egypt through the Sudan to eastern 
Tanganyika (now Tanzania), the Transvaal and Natal. It also occurs in 
Madagascar and Mauritius. 

Rehn’s study’ of the genus Nauphoefa indicates that the native home of 
N. cinerea is East Africa. He suggests that it spread to the Malagasy region 
probably through the medium of Arab trading ships, and the more distant 
Philippines and other Oriental centres were established through Portuguese 
or Spanish voyagers. The colony in western Mexico was probably estab- 
lished via Spanish galleons from the Philippines; that in Brazil by Portu- 
guese traders, and the Galapagos population doubtless by tortoise-hunting 
seamen from ships of many nationalities. The introduction of iV, cinerea 
into Cuba and Hispaniola may have come from the west in goods brought 
from the Philippines yia Mexico, as the Atlantic galleons often visited the 
eastern Mexican coast in the sixteenth and seventeenth centuries (Fig. 27). 

Habitat 

Before breeding colonies were found in Florida in 1952, this cockroach 
was taken on products at a number of ports of entry into the United States. 




THE PRINCIPAL COCKROACH SPECIES SI 

Mth the assistance of a member of a Pest Control 

norida, N. cincrca was found established in that area in nulls producing 

*”The L^ter Cockroach was first recorded in Australia 
is regarded as a ‘semi-domestic’ species, as it is found m r j 
stor« rather than in discllings.- Nevertheless, it b“" ‘"f 

homes in Australia and in a hospital.*'- It is also a freque 
native huts in the Sudan. ^ . i • o«e,/vit»iii 

lI!ingsvorth'»» recorded S. cincrea in poultry food sheds ' 

Up to 1942 this cockroach had been of somewhat rare " 

Hawaii but Illingworth describes it d<=«'<>P'"S " 

and about the feed room of a poultr>' cTtend to 

It is fond of feeds containing fish oil, and its predaceous a 
killing and eating the Cypress Cockroach, Diploptcra pimcia a. 

ATa'rgTcockroach (25-29 mm long) of ashy 'vith a '“bstrf^^ 

pattern on the pronotum. The wings of the male ^ 

those of the female and do not cover the abdomen (Hg. iV- 



Fis. 29. (a) Adult male Nauphoeta dne^a (X 1*5): (b) adult 
male Neostylopyga rhombifoha. (x2) (^urtesy. 

& Willis, U.S. Anny Natick Laboratones.} 

Maks stridulate when they 

produced by striae on the side and hmd margins of the pronotum movi g 
against the costal vein at the base of the tegmma. 

The'development and reproductive characteristics of Af. dnerea are given 
F 
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in Table XI. This is a false ovoviviparous species in which the oothecae 
contain 26-40 eggs.”* The nymphs hatch as the female extrudes the 
ootheca from the brood sac; they shed their embryonic membrane as they 
hatch and eat both it and the ootheca. Newly hatched nymphs crawl 
beneath the female, even under her wings, and remain there for about an 
hour after hatching.** In the laboratory the number of nymphs hatching 
from oothecae increases from an average of 20 from the first egg case to 
about 30 from the third and decreases thereafter. Female nymphs take 
longer to mature than males. 


Table X! 

THE BIOLOGY OF NAUPHOETA CINEREA BASED ON LABORATORY 
DATA (AVERAGES).** TEMPERATURE 30’C 


Minimum period between moult to adult and 

copulation: 

Interval between moult to adult and produc- 

6 days (in both sexes) 

tion of first ootheca: 

13 days 

Interval between moult to adult and hatch of 

first brood: 

44 days 

Interval between hatch of successive broods: 

Ist-2nd, 40 days 
7th-8th, 99 days 

Average broods per female: 

6 

Incubation period in brood sac: 

36 days 

Eggs per ootheca; 

33 

Hatched eggs per ootheca; 

31 

Percentage of hatched insects that matured : 

99% 

Number of moults: 

7-8 

Period of nymphal development: 

(i) in isolation: 7 moults: 

73 days (males) 

8 moults; 

94 days (females) 

(iO in groups; 

72 days (males) 

85 days (females) 

Adult life span: 

344 days (females) 

365 days (males) 


Neosiyhpysa rhombifolia (Stoll) — ^No common name 
This cockroach is abundant throughout most of tropical Indo-Malaya, 
particularly in the Philippine Islands, from where it was probably intro- 
duced into Hawaii. It is also generally abundant in Madagascar, Mauritius, 
the Seychelles and adjacent islands. It occurs along the east coast of 
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Africa where distribution has followed the inland trade routes to Nyasa- 
land (now Malawi), and the Zambesi valley.' 

The Indo-Malayan region is thought to be the original home of this 
species, spread from there certainly resulting from the activities of man. 
The occurrence of N. rhombifoUa in Madeira can be attributed to possible 
introduction on a Portuguese ship sailing from the Indian Ocean to Europe. 

Neostylopyga rhombifoUa was first described in 1 8 1 3, and is a domiciliary 
species in areas where it occurs in large numbers. In the New World, N. 
rhombifoUa was first recorded in 1865 from Acapulco, Mexico and from 
Venezuela and Argentina. Some 30 years later it was reported from Brazil. 
This cockroach has been established In southern California for about 70 
years — the result of spread northwards from Mexico where it has long been 
established on the Mexico-Arizona boundary.^® Rehn recalls that 
Acapulco ‘was the port at which the classic Spanish galleons from the 
Philippines landed their cargoes for land transfer to the Atlantic side, to 
be reloaded for Spain’. 

Habits, Appearance and Biology 

Little has been recorded of the domiciliary habits of this cockroach. It is 
a medium-sized species (20-25 mm long), the males smaller than females, 
the tegmina reduced in both sexes to small lobes (4 mm long). The hind- 
wings are entirely absent. It is striking in appearance with a distinctive 
colour pattern of shining brown-black, marbled with yellow (Fig. 29). 
Males are said to occur less frequently than females. 

Eggs produced parthenogenctically are capable of developing but do 
not hatch. At 27®C and 70 per cent relative humidity, Willis et alM 
obtained an average of 22 eggs per ootheca and with nymphs reared in 
groups, males took an average of 302 days to mature and females 286 days. 

Blaberus spp. 

A brief description must be made of the Blaberid species if only on account 
of their very large size. They are almost entirely confined to the American 
tropics but extend into temperate South America. 

Three species, B. atropos (Stoll) a native of South America, B. cramifer 
Burmeister, and B. giganteus (Linnaeus) (Fig. 30), have all been found in 
caves, but their more normal habitat is under rotting logs and vegetation 
in tropical rain forests. Both B. atropos and B. boUviensis Princis have 
been found associated with bananas and B. discoidalis Serville has been 
taken from shipments into Britain. 

Blaberus cramifer is firmly established in southern Florida and is also 
known as a household pest in Cuba where it has been found abundant in 
houses in Santiago and Havana. It also occurs in Mexico and British 
Honduras. 

Blaberus discoidalis has been taken in eating places in Ecuador, in houses 
in Hispaniola and Puerto Rico, as well as from fruit stores. This species is 
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Fig. 30. Adult Dhberus gtganUta. (Natural siw) 
(Courtesy: Drs. Roth & Willis, u.s, Anny 
Natick Laboratories.) 


alsofknown from Cuba and Jamaica. It gets an occasional, temporary 
footing in the Umted States through introductions on tropical plants.*’ 

Appearance 

The head of these very large cockroaches is hidden by the extensive 
pronotum, which is elliptical and in Blaberus craniifer ornamented by a 
symmetrical design in the centre, resembling the human eyes, nose and 
mouth. The broad tegmina cover the abdomen and in some species extend 
well beyond, B. craniifer (60-70 mm long) is dark blackish-brown, with the 
tegmina extendingby about one-third the lengthof the body beyond the tip of 
the abdomen (Fig, 20). 5. rf/jcofrfo/wisaconsiderably smaller species in which 
the tegmina and wings extend only slightly beyond the end of the body. 

Biology 

Blaberus craniifer has been reared in the laboratory at 30°C, Under these 
conditions the oothcca contained 34 eggs of which 20 hatched, but only half 
the nymphs reached maturity. Insects which underwent 10 moults took 
257 days (males) and 277 days (females) to mature. The adults were long- 
lived, males averaging 14 months and females 16 months. 
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Blaberus giganteiis reared in the laboratory (at 30®C and 60 per cent 
relative humidity) requires 140-200 days for nymphal development and 
moults seven or eight times. Adults can live for as long as 20 months.*^'^ 


m. ACCIDENTAL WADERS OF HOMES 

In tropical and subtropical countries, lights in homes at night attract a 
wealth of outdoor-living insects. In the United States, cockroaches which 
may enter properties in this W’ay include Eurycotis floridaiia, many species 
of Wood Cockroaches {Parcoblatta spp.) and the Field Cockroach, 
Blattella vaga. 

Vegetation and woodland close to homes provide breeding sites from 
which these species spread unassisted by man. They are not pests and do 
not usually breed indoors, damage property, or feed in preference on 
human foods. Information on these cockroaches is included here so that 
they may be readily distinguished from the pest species. 

Eurycotis floridana (W^alker) — ^No common name 

Eurycotis includes a number of West Indian and tropical American species, 
E. floridana is found outdoors in sheltered positions; in southern Florida 
it occurs under the bark of dead trees, in stumps and often in cavities in the 
limestone rock.'*® It has also been found in dry fibre at the base of coconut 
palms, in leaf mould and decaying wood. Like many other cockroaches, E. 
floridana moves about at night and hides in recesses during the day. It is 
reported occasionally in homes. 



Fig. 31. (a) Adult male Earycotb floridana (x 1-5); (b) adult female 
Parcoblatta pensyhanica with completely formed ootheca. (x2) 
(Courtesy: Drs. Roth U.S. Army Natick Laboratories.) 
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Appearance 

Eurycotis fioridana is a large cockroach, the males (31-35 mm long) and 
females (30-40 mm). The tegmina are extremely small extending only just 
beyond the posterior margin of the mesonotum. The hindwings are absent 
(Fig. 31). This cockroach is rich red*brown to black, but the pro-, meso- 
and metanota of the late nymphal stages are often marked conspicuously 
with broad bands of pale yellow. The adults of both sexes emit a 
greasy liquid when alarmed which has a most repellent odour (see 
Chapter 10). 

Biology 

About 50-60 per cent of eggs are capable of developing parthenogeneti- 
cally but very few hatch. Copulation occurs about IS days after the final 
moult and lasts for one to two hours. There is a lapse of 55 days between 
moulting to adult and production of the first ootheca; successive oothecae 
are produced at about eight day intervals. The egg case contains an average 
of 21 eggs and incubation (at 30-36®Q takes 48 days. There are six to 
eight moults, and the period of nymphal development (with seven moults) 
averages 100 days (for males) and 113 days (for females). Nymphs reared 
in groups mature more rapidly than isolated individuals.^* 

Pareoblatla pensylvanica (De Geer) — The Wood Cockroach 
The genus Parcobiatia contains many species widely distributed through- 
out the United States. Most have females with reduced tegmina and wings. 
P. pensylvanica is among those with the least reduction, but in an allied 
species, Pareoblatla boWana (Saussure & Zehntner), the tegmina show 
hardly any traces of venation and the hind wings arc absent (Fig. 20). 

At least a dozen species of Pareoblatla (Wood Cockroaches) are 
fortuitous intruders in homes in the United States; P. pensylvanica has 
the widest distribution, its range extending into southern Canada, but not 
apparently into the peninsular of Florida. 

Parcoblattapensylvanka was first recorded in 1773 as Blalta pensylvanica 
from Pennsylvania. In many rural and urban areas it invades properties 
from nearby woodlands and is frequently encountered by motorists 
driving near woods at night.** The long-winged males are attracted to 
light scui are capable of flights of aver ICO ft. The short-winged femafes may 
be brought indoors with firewood and groceries.** 

Habitat 

The natural environment of this cockroach is in oak, chestnut and pine 
forests of the cast and south-east United States, where it lives under loose 
bark, in hollow trees, woodpiles and in the ground litter, although there 
arc records of infestations taken in houses. An unusual infestation of P. 
pcMyhanica is described by Sc\'crin“* which occurred on the top fioor of 
a jail in South Dakota. The building was made of brick and stone and 
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adults and nymphs were numerous under lumber and crates on a verandah, 
on the roof of a verandah, as well as in living rooms and cells. Lower floors 
were not infested. A 60-watt lamp ^vas left alight on the verandah from 
sunset until dawn which may have attracted the insects. The Wood 
Cockroaches are not active during the day, but will move when disturbed: 
‘at dusk the males search for mates, running or flying swiftly, the antennae 
quivering nervously as the male examines each crevice in search of a 
female’.* 

Comparing the effects of temperature on many cockroach species, 
Gould*® found that P. pensylvanica showed the least response. In its natural 
environment, nymphs remain active throughout the year and even at 
freezing temperatures this cockroach is quite active when exposed by pull- 
ing away bark.®* Outdoors, P. pensylvanica has a definite seasonal cycle 
with one generation per year. The males are thought to overwinter as late 
stage nymphs, maturing to adult in early spring; flights of winged males 
occur in May-June, and females reach their greatest abundance in mid- 
July.®* It is during these summer months that this cockroach accidentally, 
but frequently, infests homes. Their food in nature is unknown, but in 
captivity they thrive on fruits and vegetables.* They do not produce the 
repulsive odour characteristic of domestic species. 

Appearance 

A large, variously coloured cockroach (Fig. 31), often chestnut brown with 
the thorax and tegmina edged with white. The ocelli are well-defined. The 
males are noticeably larger (22-30 mm) than females (13-20 mm). Con- 
siderable variations occur in the appearance of this species from different 
locations; the tegmina of some females cover a little more than half the 
body but in others they extend beyond the abdomen (Fig. 20). No general 
description of colour is of value: ‘without a large series of insects for 
illustration, the difficulty would be to convince even the experienced worker 
that insects decidedly different in appearance represent one and the same 
species’.®* 

Biology 

The life history of P. pensylvanica has been studied by Rau*: in captivity 
five females produced 30 oolhecae in three to four months and the period 
between successive oothecae averaged five to nine days. Egg cases are 
carried by the female for one to three days and then dropped unconcealed. 
At room temperatures they hatch in 32-36 days, the majority providing 
24-30 nymphs. Infertile egg cases are produced in the absence of males. 
The total life span from hatching to death of the adult takes about a year, 
during which there are five to seven moults. When nymphs were caught 
and reared to maturity, adult females lived for 35 to 85 days but males 
survived for a much shorter period. 
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Blattella raga Hebard— The Field Cockroach 

This cockroach was first discovered in 1933 in Phoenix, Arizona, occurring 
along the Gila and Colorado rivers. It was later described by Hebard,”’ 
who considered it an ‘undoubted introduction* probably of Asiatic origin 
since its nearest relative is found in India. In 1953, Riherd”* also recorded 
B. vaga in Texas. 

Habitat 

Blattella vaga is common in most of the irrigated regions of southern 
Arizona. Typically it lives in irrigated fields, but it is also found in smaller 
numbers on dry desert. It occurs under stones and feeds on plant debris. 
Flock”® found this cockroach in greatest numbers around decaying dates 
on the ground and reported it as capable of damaging tender plants and 
newly emerged seedlings, although Ball et al.^*° detected no damage by 
this insect in the field. 

In dry seasons the Field Cockroach enters houses in large numbers, but 
whilst this is usually temporary it can, according to Flock, remain there 
and breed to a limited extent. Its feeding habits arc said to be similar to 
the German Cockroach, although nymphs offered food by Riherd refused 
it, apparently preferring decaying organic matter.”* 

The Field Cockroach does not appear to shun artificial light; it wanders 
around rooms in the evening when it is easily seen and it is also common 
around street lights. Mulches around plants near the house tend to en> 
courage the numbers tn homes. According to Palermo,*” B. vaga is 
gradually increasing in numbers during summer months in the south* 
western part of the Uruied States, forming an intermediate stage between 
the fully outdoor living and the primarily indoor species. 

Appearance 

The similarity in size and general colouring of Blattella vaga (Fig. 32) and 
Blattella germanica (Fig. 13) can lead to mis-idenlification. The most pro- 
nounced difference between the two species is a black line between the 
eyes and the mouth of the Field Cockroach, which is absent in B. germanica. 
The head of B. vaga is also not as elongate as that of the German Cock- 
roach. 

A close comparison of B. vaga and B. germanica shows that the Field 
Cockroach is very slightly smaller and more delicate in appearance: the 
male varies from 9-2 to 9-7 mm compared with 10*5-1 1-4 mm in B. 
germanica; the female is also smaller, 8 5-9*9 mm (bearing an ootheca) 
compared with 1 1 *0-1 2*8 mm in B. germanica. The longitudinal bars on the 
pronotum of B. vaga arc very dark and more sharply defined than is usual 
in the German Cockroach, 

Additional differences which can be detected under the microscope in- 
clude the ulnar vein of the tegmina, which is branched only once in B. 
vaga, but the best distinguishing feature lies in the male external genitalia ; 



THE PRINCIPAL COCKROACH SPECIES 


89 


the specialisation, of the dorsal surface of the abdomen, the supra-anal 
plate and the sub-genital plate is much less intricate than in B. germanka. 
The supra-anal plate of the Field Cockroach is sclerotised and moderately 
produced, instead of partly sclerotised and greatly produced in B. ger- 



Fig. 32. Adult BlaUella vo;o, (a) male; (b) female with oolheca. (xS) 
(Courtesy: Drs. Roth & Willis, U.S. Airoy Natick Laboratories.) 


manica. The sub-genital plate of B. raga is also asymmetrical with small 
moderately elongated styles instead of being highly asymmetrical with 
minute, very short styles. 

Biology 

A comparison of the biology of the Field and German Cockroaches is 
given in Table III (p. 48). ITie ootheca of B. \aga contains fewer eggs, 
which decrease in number and in the proportion which hatch, after 
production of the third ootheca (Fig. 15). Unlike ,5. germa/i/co in which the 
sexes mature at the same rate, female nymphs of B. vaga mature more 
rapidly than males. In the Field Cockroach the minimum period observed 
by Willis et al.** between the final moult and copulation was 3 days for 
both sexes; copulation lasted 80 minutes and the ootheca formed in 
24 hours. 
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IV. OUTDOOR SPEOES IN BRITAIN, AUSTRALIA AND THE 

U.S^. 

The species included under this heading are not usually seen unless looked 
for in their outdoor habitats and they are in no way associated with man. 
Descriptions are given of the three outdoor cockroaches which occur in 
Britain, all members of the Ectobiinae, and brief reference is made to 
seven species native to Australia. Many cockroaches occur outdoors in 
the U.S.A., but reference is confined to two only, Cryptocercus punctulatus, 
a wood-digesting species, and Attaphila fungicota, which is symbiotic with 
ants. Place is given in this chapter to an account of outdoor species to draw 
attention to the range of environments occupied by non-domiciliary 
cockroaches. 



Fig. 33. Recorded distribution of (a) Edobms lapponicits, (b) E. pallidus and (c) E. 
panzeri in southern England and Wales (after Ragge”). 


OUTDOOR SPECIES IN BRITAIN 

There are three outdoor species of cockroach in Britain. All belong to the 
Sub-family Ectobiinae. They are: Eclobius lapponicits (L.), the Dusky Cock- 
roach; Ectobius pallidus (Olivier), previously known as E. lividus and E. 
livens, tJie Tawny Cockroach; and Ectobius panzeri Stephens, the Lesser 
Cockroach. 

All three are actively running spjccics, smaller than the German Cock- 
roach. They are found in the south of England (Fig. 33) and parts of 
Continental Europe. None arc pests. They have small dark spots on the 
veins of the tegmina, and the bind wings have a distinct triangular area 
at the tip (Fig. 34). An account of thdr appearance and life history is given 
by Ragge.« It is sufTicient here to draw attention to the distinguishing 
features (Table XII), and to summarise their biology in Britain which is 
essentially similar for all three species. 
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Fig. 34. Wing of Ectobius pallhlus showing the intercalated 
triangle at the tip of the wing (after Gurney”*). 


Biology 

Oothecae, brown and 3-4 mm long, are produced between June and 
September. They are rotated after formation and carried by the female for 
one or two days, but occasionally longer in E. paiizeri, before being de- 
posited on the ground where they overwinter. The nymphs hatch in the 
following spring and probably pass through five or six instars. The nymphs 
of £. lapponiais and E. pallidus hibernate in late stages of development to 
become adult the following May-June. Those of E. panzeri complete 
their development to adult over a period of two to three months and mature 
in the July of the year in which they hatched from the ootheca. The adults 
of all three species die in September-October. 

Gurney^”® reports on the establishment of E. pallidus in north-eastern 
America. It was first discovered in 1948 on Cape Cod and has become 
common in some areas of south-eastern Massachusetts.”® He referred to 
it as E. livens, giving it the common name ‘Spotted Mediterranean roach’ 
because of its appearance and region of occurrence in the Old World, and 
reported it as a ‘potentially important cockroach’ new to America. He says 
‘it is not likely to develop into a major pest but may be a nuisance in 
dwellings when attracted to light’. It docs not attack household foods or 
goods. 

The countries of Continental Europe in which E. pallidus occurs are 
Germany, Netherlands, Belgium, France, Switzerland, Italy, Portugal and 
Spain. It lives beneath loose lichens in woods, and among bracken and 
other ferns. Gurney^°® states that a good many people of Portuguese 
ancestry live in Massachusetts, where this cockroach is found, and visits 
to Portugal and the Azores are frequent. It is probable that the insect has 
been introduced on shipments. 

OUTDOOR SPECIES IN AUSTRALIA 

As far as is known, a full account of the cockroaches which occur in 
Australia has not been prepared. Pope”* describes seven species native to 
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Table XH 


DISTINGUISHING FEATURES OF OUTDOOR SPEaES OF 
COCKROACH (ECTOBIINAE) IN BRITAIN 
(From Raggc**) 


Feature 

E. lapponicus 
Dusky 
Cockroach 

E. paltidus 
Tawny 
Cockroach 

E. panzeri 
Lesset 
Cockroach 

Size (mm) to tips of 

tegmina: Males; 

9 5-U-3 

8(V-9-3 

6B-7-8 

Females: 

6-8-7-9 

8-3-91 

5 0-7-2 

Development of 

tegmina; 

Shorter in female 
than mate, just 
short of lip of 
abdomen. 

Fully developed 
in both sexes. 

Greatly reduced m 
female, well de- 
veloped in male. 

Colour: 

Generally grey- 
brown; male 
pronotum 
dark, female 
abdomen ex- 
tensively dark 
brown beneath. 

Uniform pale 
yellow. Female 
abdomen with 
small amount 
of dark brown 
beneath. 

Pale to dark 
brown; legs 
dark brown or 
black. Tegmina 
pale yellow- 
brown with 
dark speckles. 

Tubercle in glandular 
depression on 7(h 
abdominal segment 

Tubercle with 
distinct median 
split. 

Tubercle absent. 

Tuberclesmalland 

hairy. 

of male: 

Habitat (variable in 

Woodland, 

Most frequently 

Preference for 

all three species): 

heath and 
scrubby grass- 
land. 

in woodland. 

coastal and 
sandy places. 

Flight in warm 

weather: 

By males only. 

By both sexes. 

By males only. 


Austrafia, which include three oCAfet/iana and four belonging to the sub- 
family Ectobiinae. The British representatives of this group have been 
described above. 

The three species of Afeihana all occur under loose bark of trees or Jogs. 
Methana cunigera (Walker) is found on wattle trees and hides from sun- 
light in curled up leaves; it attaches its oothecae to leaves, or to the under- 
side of loose bark. It is a pale coloured insect (20-24 mm long) with distinc- 
tive imrkings in black and reddish-brown. A wide, pale or transparent 
margin around the whole insect is a striking feature of adults and 
nymphs. 
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Methana marginaUs (Saussurc) is a larger cockroach (25-29 mm long), 
brown, with a white margin on. the anterior and lateral edges of the pro- 
notum. This species is found in Queensland and Western Australia and has 
sometimes been reported entering houses. 

The third species, Methana canae^ described by Pope®® as a new species, 
occurs under the loose bark of trees on Fraser Island, olT the east coast of 
Queensland. For a description and details of the biology of this cockroach, 
and the other species mentioned above, the reader is referred to the 
original account. 

OUTDOOR SPECIES IN THE UNITED STATES 
Reference has already been made in the introduction to this chapter to the 
existence of 57 known species of cockroach in the United States. One genus 
which contains numerous outdoor species is Parcoblatta and mention of 
two of these, P. pensylvanica and P. boUiana, has already been made on 
p. 86. Similarly, many of the species already described as having a close, 
occasional, or accidental association with man are also encountered out- 
doors notably in the southern States. 

Space does not permit reference to all the remaining outdoor species. 
Information is therefore restricted to two, both with unique features: 
Cryptocercus punctulatiis because of its antiquity, close relationship with 
termites and ability to digest cellulose, and Atiapinia fungicola because of 
its association with ants. 

Cryptocercus punctulatus Scudder 

This cockroach occurs in two widely separated areas of the United States; 
in the Appalachian mountains, from Pennsylvania to northern Georgia, 
and on the west coast, in areas of California, Oregon and Washington 
State. Heavily forested areas, where the logs in which it lives are partially 
covered with leaves and humus, provide a suitable environment which is 
not subject to freering or to temperatures exceeding 
This insect is able to utilise many kinds of wood as food. Hence, it is 
found in decaying timber, burrowing in the sapwood of a variety of 
species. Cryptocerais is not alone in its wood-eating habit, other species 
belonging to the genera, Panesthia and Salganea. 

Appearance 

A large cockroach (23-29 mm long), shiny and almost black. It is wingless, 
the sexes being very similar in appearance. The eyes are much reduced and 
the pronotum is thickened with a wide, deep groove down the central area 
(Fig. 35). The anterior margin of the pronotum is raised above the head in 
a brief hood, presumably giving the head protection during burrowing. 

Biology 

The interesting feature of the biology of this species concerns the transfer 
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Fig. 35. (a) Adult Cryptocercus punetulatus (x2-5); (b) adult female 
Cromphadorklna porteniosa. (Natural s»«) Drs. Roth & Willis, 

U.S. Army Natick Laboratories.) 


of cellulose digesting fiagellates (p. 130) from parent to offspring. Cleveland 
el have made the following detailed study: 

The protozoa are not found in the oothecae, and nymphs raised in 
isolation never acquire the fauna which is required for them to digest 
cellulose. They must be reared with other more mature nymphs which are 
already infected. When these older nymphs moult, the protozoa contained 
in the hind-gut withdraw their flagella and encyst. The insect ceases to feed 
and no faeces are passed for two to three days before the moult. After 
moulting the first faecal pellets containlarge numbers of encysted protozoa, 
which, when eaten by a newly hatched nymph, ensures the development 
of a heavy population of fiagellates within the gut in a few days. 

AttaphUa fungicola Wheeler 

This species is the smallest of the cockroaches known in the United States. 
It is 2-1 mm long and is a symbiont of the leaf-cutting ant Attafervens Say, 
with which it lives unmolested in large numbers in the fungus gardens and 
tunnels.** This cockroach does not eat the fungus in the ants’ nest as was 
once supposed, ‘but mounts the backs of soldiers and licks their surface*.* 
It is found only in Austin, Texas. 

Appearance 

Apart from the minute size, this cockroach has a number of unusual 
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features; the body is elliptical, amber-yellow with a broad pronotum, and 
the eyes are ver>’ small. The tegmina are much reduced, without venation, 
and the wings are vestigial. The antennal segments, with the exception of 
the 2nd and 3rd, are all longer than wide. As a result of examining a 
number of specimens, Wheeler^®* found that the antennae were mutilated 
and concluded that the ants with which this cockroach lives, crop the 
antennae of their guests. Four other myrmecophilous species of Attaphila 
occur in South America. 


V. OTHER SPECIES OF SPECIAL INTEREST 

Gromphadorhina laevigata Sauss. & Zchntn. — No common name 
A brief description is given of this species because it is referred to in Chap- 
ter 9, as an example of false ovoviviparity among cockroaches. Other 
species which belong to this genus, and with the same physiology of re- 
production, are <7. cogiiereUana and G. porfentosa (Schaum) (Fig. 35). All 
are covered with scaly granulations. C. laevigata is a native of Madagascar. 

A description of G. laevigata and an account of its reproduction and 
behaviour are given by Chopard.**® It is a very large cockroach (about 
60 mm long) in which both sexes are wingless. The males may be distin- 
guished by a large round tubercle on each side of the pronotum and the 
paired styles on the tip of the abdomen. 

The ootheca (30-32 mm long) is incubated internally. It is white and 
very thin-walled. The eggs are incubated over a period of 70 days, and the 
young cockroaches are liberated over a period of two days; 32-48 young 
are produced. No assistance is given by the female at hatching, but the 
young remain grouped around her for some time during which she raises 
herself and protects the brood under her body. 


IDENTinCATION KEY 

For keys to the identification of cockroaches of specific geographical areas, 
the following works should be consulted: Rehn^^® gives a concise key to 
the 26 known genera occurring in the United States; Rehn & Hebard®* 
give keys to the 156 species (comprising 47 genera) of cockroaches of the 
West Indies, excluding Trinidad and Tobago. also gives 

descriptions and keys to the numerous species comprising the African and 
Malagasy blattids, and Hebard*®® gives keys to the Malayan species. 

The following key will enable the reader interested in identifying the 
more commonly occurring cockroaches of buildings, to distinguish and 
name the pest species. This key is limited to this purpose and should not 
be used, for example, to identify the many species introduced on imported 
cargoes. 
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KEY TO THE ADULTS OF COCKROACHES WHICH MOST COMMONLY BREED 
IN, OR MAY OCCASIONALLY BE FOUND IN BUILDINGS 

1. Small cockroaches, 15 mm long or less, including tegmina 

— Large cockroaches, longer than 15 mm including tegmina 

2. Pronotum with two longitudinal dark bars 

— Pronotum without two longitudinal dark bars 

3. Face with black line between eyes ex- 
tending to mouth .. -- .. Field Cockroach, Blattello 

vaga 

— Face without black line between eyes 

extending to mouth German Cockroach, 

Blattella germanica 

4. Tegmina covering about half of ab- 
domen pronotum at least 6-7 mm wide Wood Cockroaches, 

ParcobJaita spp. 

— Tegmina covering almost all of abdo- 
men (female) or extending beyond ab- 
domen (male); pronotum less than 6-7 

mm wide Brown-banded Cockroach, 

Supella supelhciiliiim 


5. Large cockroaches, 15-55 mm including 
tegmina . . 

— Very large cockroaches, greater than 55 

mm including tegmina 

6. Tegmina noticeably shorter than abdomen 

— Tegmina just reaching apex of abdomen 

or extending beyond 

7. Tegmina fully covering metanotum . . 

— Tegmina extending beyond mesonotum 
but not fully covering metanotum 

8. Pronotum with Lobster-like pattern . . 

— Pronotum of uniform colour, or with 
lateral margins only pale 

9. Female only, pronotal margins pale . . 

— Male only, pronotum entirely uniform 
in colour . . 

10. Pro-, meso- and metanota brown-black 
NS ith striking yellow pattern 

— Pro-, meso- and metanota not marked 
with yellow 


Blaberus spp. 


Lobster Cockroach, 
Naupboeta cinerea 


Wood Cockroaches, 
Parcoblatia spp. 

Oriental Cockroach, 
Blatta orJen/aJis 

Neostylopyga rhombi/olh 


THE PRINCIPAL COCKROACH SPECIES 


97 


1 1 . Body length 25 mm or less (female only) 

— Body length 30 mm or more (male or 

female) 

12. Pronotum 6-7 mm wide 

— Pronotum more than 6-7 mm wide . . 

13. Hind margin of pronotum smoothly 

curved 

— Hind margin of pronotum strongly sinu- 
ate, the posterior apex bluntly rounded 

14. Posterior half of tegmina distinctly 

mottled with two pronounced dark 
lines in the basal area 

— Tegmina not mottled or with dark lines 

in the basal area 

15. Base of tegmina with pale streak on 

outeredges.Pronotumstrikingly marked 
with a dark central area and pale outer 
edging (Fig. 36) 

Base of tegmina without pale streak on 
outer edges. Pronotum of uniform 
colour or with pale edging only moder- 
ately conspicuous 

16. Pronotum uniformly dark in colour 

(Fig. 36). Body colour very dark brown 
to black 

Pronotum not entirely uniform in 
colour, but with a pale edging moder- 
ately conspicuous 

17. Last segment of cercus twice as long as 
wide 

— Last segment of cercus less than twice as 
long as wide 


Oriental Cockroach, 

Blatta orientalis 

Eurycotis floridana 

13 

14 


Wood Cockroaches, 
ParcoblaHa spp. 

Surinam Cockroach, 
Pycnoscelus surinamensis 


Madeira Cockroach, 
Leucopitaea maderae 


15 


Australian Cockroach, 
Periplaneta auslralasiae 


Smoky-brown Cockroach, 
Periplaneta fuliginosa 


American Cockroach, 
Periplaneta americana 

Brown Cockroach, 
Periplaneta brunnea 


G 
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ris* 36. PronoUl pattern and ternunal abdominal tesmentt (dorul 
%tcw) of main of four ipecics of Pfriplaneta. (a) Normal colouration 
and (b) maximum Intenmx ooloitralion of pronotum of i*. ameriearui 
(after Hcbard”). 
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KEY TO THE OOTHECAE OF COCKROACHES MOST COMMONLY FOUND IN 
BUILDINGS (sec Fig. 37) 


1. Ootheca with obvious segmentation on 
ventral surface, length less than 6-7 mm 

— Ootheca without segmentation on ven- 
tral surface, length more than 6-7 mm 

2. With 16-20 segments, length of ootheca 
more than twice width . . 

— With 8-9 segments, length of ootheca 

less than twice width 


2 

3 


German Cockroach, 
Blattella germanica 

Brown-banded Cockroach, 
Stipella siipellectilium 


3. Sides of ootheca with 8-9 raised areas 

just below keel , . . . . . . . . . . . 4 

— Sides of ootheca with 12-13 raised areas 

just below keel Australian Cockroach, 

Periplancta mistralasiae 
Brown Cockroach, 
Periplanela bnmnea 
Smoky-brown Cockroach, 
Periplanela fuliginosa 

(Oothecae of these species cannot be distinguished on external 
characters.) 

4. Raised areas below keel nearly circular Oriental Cockroach, 

Blatta orientalis 

— Raised areas below keel elongate . . American Cockroach, 

Periplanela americana 
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OBthiei wilhebvtoHS iismentitien 


with about 18 segments, 
length more than twice width 



with about 8 segments 
length less than twice width 



Bbttella germaniea Supello supellecvhum 

GERMAN COCKROACH OROWN-BANDED COCKROACH 


Mtiiaea Hilhsvl ebi^et t»sm»n>*>ien 
8-9 raised areas below keel 


areas circular 



Bhtta ofientatis 
ORIENTAL COCKROACH 


areas elongate 



Penplaneta americana 
AMERICAN COCKROACH 



PenpLtntU auUrahsiae - AUSTRALIAN COCKROACH 
Ptrtplaneta brunnea - BROWN COCKROACH 

PtfipUnela (ulrg^sa - SMOKY BROWN COCKROACH 

FTfi. 37.0oihccae of the mmt common species of cockroach found in buildings. 
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THE INTEGUMENT 


Structure of the cuticle: pore canals; penetration of the cuticle— Thickness and chemical 
composition; water- and alkali-soluble constituents — ^\Vax layer; hypodcrmis, oenocy- 
tes and wax secretion — Cement layer and dermal glands — Pygidial glands and tergal 
secretions 

Receptor organs: light receptors; contact receptors; proprioceptors; chemo-receptors; 
auditory receptors. 


The exoskeleton of the cockroach protects it from undue loss of water, 
gives rigidity to the body and provides points for the attachment of 
muscles. The cuticle is not a uniform homogeneous piece of armour plate, 
as might be supposed at first sight from the external appearance of some 
species of cockroach, but is comprised of numerous small plates, or 
sclerites, joined by softer and more transparent areas, such as the inter- 
segmental membranes, which give the exoskelelon flexibility. 

The rigidity of the cuticle controls the rate of growth ; it is not sufficiently 
flexible to permit a gradual increase in size. Instead, development proceeds 
by a series of moults, or ecdyses, each preceded by active growth followed 
by a period during which there may be an increase in weight but no 
apparent increase In size. Moulting and growth in cockroaches is dealt 
with in detail in Chapter 10. 


STRUCTURE OF THE CUTICLE 

As in all insects, the cuticle of the cockroach is composed of three layers 
secreted by a single layer of cells, the hypodcrmis, resting on a thin base- 
ment membrane. In the mature cockroach the nuclei of the hypodermal 
cells become displaced by enlarged oenocytes which come into close con- 
tact with the cuticle (Fig. 38). The role of the oenocytes in relation to the 
cuticle is discussed on p. 107. 

In total, the cuticle of the American Cockroach is about 40/t thick; the 
innermost and thickest layer, the endocuticle, is pliable and has a layered 
structure which is 20-30^ thick. It is overlaid by a further laminated layer 
the exocuticle, lO-20/i thick, which contains melanin pigment. The outer 
layer, or epicuticle, is extremely thin, about 2^, and is hydrophobic. 

The cuticle is a non-living membrane which covers not only the external 
surface of the insect, but all the ectodermal invaginations — the pharynx, 
foregut, hindgut, the tracheae and genital ducts. The ducts of the many 
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Fig. 38, Longitudinal section of a tergUc of an adult P. americana (after Kramer & 
Wigglesworlh'”). 


unicellular glands which open onlo the surface of the cuticle are lined 
with cpicuticle only. Thus, whilst the cuticle is primarily an cxoskclcton it 
docs provide an internal lining to certain areas. Moreover, invaginations 
of the cuticle, the apodemes in the thorax and abdomen and tentorium 
in the head, provide strength and muscle attachments, for wings, legs and 
certain internal organs. 

In section, the endocuticlc and exocuticle show striations at right angles 
to the surface which do not penetrate the cpicuticle. These have been 
interpreted by some as pore canals and by others as solid rods. Richards & 
Anderson”® have examined sections of cuticle of P. americana under the 
electron microscope. Because the cuticle is a non-ccllular structure, 
hardened cuticle such as the cockroach pronotum shrinks very little, only 
about two per cent on drying, so that when separated from the insect little 
change occurs before the detailed structure can be studied. 

Using sections of cuticle Ori-O-S/* thick, Richards & Anderson could 
distinguish five layers; the cpicuticle consisting of two chemically distinct 
layers— an outer thin layer (0 02-0 03#i), transparent, acid resistant and 
hydrophobic, and an inner, amber, less acid resistant layer (nearly 2/i 
thick). The exocuticle was seen to consbt of only one layer, whilst the 
endocuticlc again appeared as two layers — an outer pliable transparent 
layer and a darker inner layer. 

The laminae of the endo- and exocuticles average about 3-5 per micron 
and appear to be strata of different molecular densities. Variation in their 
thickness (0-03-C-2/t) occurs in both scleritcs and membranes and would 
not therefore appear to influence the hardness of the cuticle or its flexibility. 

Pore Canals 

Sections of cuticle in the electron miscoscopc show that for the American 
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Cockroach ‘there can be no further question of the reality of the pore 
canals as hollow tubes, following a regular helicoid spiral through the 
endo- and exocuticles from the underlying hypodermis to, but not into, 
the epicuticle’. These canals have an average diameter of 0T5/i, except 
close to the hypodermis where suddenly for the last 4-5/x of the tube their 
width increases to about 0-4^. This expanded portion is straight and con- 
trasts with the helicoid section, with its regular pitch, occupying the greater 
thickness of the cuticle (Fig. 39). 



Fig. 39. Sections of cuticle of P. aniericam showing details of pore canals (a) outer 9n 
of cuticle showing the normally straight porecanalsand one drawn to show approximate 
extreme deviation (x8500); (b) inner 8#» of cuticle and hypodermis. The stippled areas 
represent laminations of the cuticle (x8500); (c) pore canal showing detail of spiral 
and deviation from true helix (x 56,000) (after ^chards & Anderson”*). 


The length of the pore canals averages twice the thickness of the cuticle ; 
there are about 1,200,000 per square cm and they comprise 5-6 per cent 
of the total volume. In the cockroach, the canals are open at their inner 
ends and Richards & Anderson suggest that they are filled with a salt 
solution in ionic equilibrium with the hypodermal cells, capilliary attrac- 
tion preventing any air from entering the tubes while the insect is alive. 
Their function is uncertain, but as they comprise such a significant proper- 
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tion of the endo- and exocuticles they are thought to influence flexibility 
and permeability. In some insects the pore canals are thought to be 
responsible for the transport of cuticular wax. Richards & Anderson 
support the early suggestion of Leydig that the pore canals originate as 
protoplasmic filaments around which the cuticle is first laid down. 

Penetration of the cuticle 

The structure of the cuticle and itschemical composition have an important 
bearing on the formulation of insecticides. Liquid insecticides which be- 
come dry on treated surfaces are known to be picked up by the insect on 
its cuticle and ingested via the mouth daringgrooming, butcertainformula- 
tions may penetrate the cuticle direct. The cuticle is not easily wetted by 
water-based formulations, but the more rapid action of oil sprays has been 
attributed in some measure to their ease of penetration of the cuticle. 

In this connection, Richards & Anderson’** have examined the possible 
role of the pore canals. They conclude that these canals may accelerate the 
diffusion of water and water-soluble substances in solution but would not 
appear to be penetrated by oils and oil-soluble substances, unless possibly 
emulsified. When mineral oil and non-volatile oils are applied to the pro- 
nota of living adult cockroaches, which are then killed 4-16 hours later, 
electron micrographs show that the oils, (I) do not dissolve the epicuticle, 
(2) do not modify the structure of the exo- or endocuticle, and (3) do not 
enter the pore canals. Since the cuticle of mosquito larvae lacks pore canals 
yet oil penetrates these insects readily, it seems likely that oil diffuses 
through the general matrix of the cuticle, and the pore canals (when present) 
play no major role in facilitating penetration. 

Thickness and chemical composition 

Insect cuticle is composed of carbohydrates, proteins and fatty materials. 
Chitin, the most characteristic component, is a nitrogenous polysaccharide 
which occurs in the endo- and exocuticles but not in the epicuticle. The 
non-chilinous material of the cuticle is composed of protein, whilst fatty 
materials are represented by waxes and sterols. 

Dennell & Malek’“ have studied the composition of the cuticle of P. 
americana in relation to the changes which occur during development, 
during the hardening of the cuticle following a moult, as well as the 
differences between the sexes. In these studies, the abdominal tergites were 
analysed for all three components and for water content. 

The thickness of the two inner layers of the cuticle of the American Cock- 
roach varies during development; in the last stage nymph the exocuiicle 
comprises only 21-24 per cent, but this increases to 51-55 per cent in the 
adult. The cuticle of females is thicker than males, but the cuticle of males 
contains slightly more water. The exception to this is in newly moulted 
adults when the water content of the cuticle almost doubles (Table XIII). 

The higher water content of male cuticle is attributed by Dennell & 
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Malek to the greater number of dermal glands in this sex, so that when the 
water content of the cuticle is reduced during tanning and hardening the 
male loses proportionately less. During this process the water in the exo- 
cuticle of females drops to about 38 per cent of the amount present in 
soft cuticle, compared with 52 per cent in males. 

Table XIII 


WATER CONTENT OF THE CUTICLE OFP. AMERICANA AT VARIOUS 
STAGES OF DEVELOPMENT. PERCENTAGE OF WET WEIGHT. 
(From Dennell & Malek’“) 


Stage 

Male 

Female 

Cuticle of fully hardened last instar nymph: 
Shed cuticle of last instar nymph 

30-1 

280 

(exocuticle only): 

231 

16-4 

Cuticle of newly moulted adult: 

43-9 

44-2 

Cuticle of fully hardened adult: 

24-3 

17-1 


Water- and alkali-soluble constituents 

The water-soluble constituents are amino acids, phenols and water 
soluble proteins. When cuticle is treated with alkali, protein is dissolved, 
whereas chitin is converted to the alkali-insoluble material, chitosan. 
Treatment of the cuticle in this way provides information on the variations 
that occur in the cuticular constituents during development from 
nymphs to adults. Marked chemical changes occur between the soft, 
newly formed condition just after a moult, and during the process of 
hardening. 

Newly formed cuticle contains six to seven times more water-soluble 
protein and three to four times more amino acids. The fully hardened 
cuticle, however, contains more total protein (Table XIV). At moulting 
the endocuticle is eroded by moulting fluids so that the exuvium consists 
almost entirely of exocuticle. This, when shed by last stage nymphs con- 
tains almost 70 per cent protein, supporting the view that protein passes 
into the cuticle in preparation for hardening and accumulates in the outer 
layers.*®* Hardening of the cuticle also involves a substantial increase in 
the amounts of chitin and dihydroxyphenol. Perhaps the most surprising 
observation is that the cuticle of last stage nymphs and adults contains 
similar amounts of the two fundamental constituents chitin and protein, 
linked to form a chitin-protein complex, despite the considerable difference 
in the thickness of the exoskeletons of these two stages. 

Wax layer 

Wax on the surface of the cuticle fulfils the important function of water- 
proofing and conserving water. If the epicuticle of insects is removed by 
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Table XIV 

AMWO ACID. PROTEIN AND CHITIN CONTENT OF THE CUTICLE 
(AS PERCENTAGE OF DRY WEIGHT) OF P. AMERICANA AT 
VARIOUS STAGES OF DEVELOPMENT 
(From Dcnnell & Malek'**) 


Stage 

Sex 

Amino 

acid 

Di- 

hydroxy- 

phenol 

Water- 

soluble 

protein 

Total 

protein 

Chitin 

Cuticle of fully hardened 

M 

5-6 

0 28 

9-5 

62-9 

20 2 

last instar nymph: 

F 

5-2 

0 25 

7-5 

63-2 

20 I 

Shed cuticle of last instar 

M 1 

13-1 

0 75 

69 

68-3 

n-2 

nymph (exocuticle only) : 

F 

68 

0 77 

109 

68-3 

13-5 

Cuticle of newly moulted 

M 

18-2 

0-11 

24-2 

54'1 

10-5 

adult: 

F 

11-2 

0 07 

23-5 

52-9 

11*5 

Cuticle of fully hardened 

M 

6-8 

0-18 

3-4 

62-0 

201 

adult: 

F 

31 

0 18 

3-7 

62'3 

19-3 


alkali the cuticle becomes freely permeable to water. The same is achieved 
by removing the wax layer by abrasive, or ‘desiccant* dusts, an effect which 
has been exploited in cockroach control (see Volume IT). 

In many insects the wax is mobile when secreted but hardens in a short 
time to a crystalline solid. In contrast, the wax of cockroaches remains 
mobile throughout the insects’ life.*** If a sample of cockroach wax is 
extracted from the cuticle and left exposed in the air for about three 
months at room temperature it too becomes hard and crystalline, but when 
sealed against evaporation it remains unchanged. This has lead Beament’” 
to suggest that the wax of the cockroach is secreted onto the surface of the 
cuticle in a solvent which is non-voIatile and which evaporates only very 
slowly. Moreover, both Beamcnt*^ and Deimell & Malek'” believe that 
the wax or perhaps the solvent is secreted continuously throughout life to 
replace loss. 

To further explore the solvents involved in wax secretion, Gilby'** 
distilled the wax of P. americana under vacuum and examined the distil- 
lates by gas chromatography. Using this method he claimed to be able to 
delect voJatiJfs, if present, in smounts less than 0‘I per cent by weight of 
the 0-5 mg of ‘grease’ present per cockroach. Gilby found that when the 
mouth and anal regions of the cockroach were sealed with paraffin wax, no 
volatile materials other than water were condensed. This happened whether 
he used hardened cuticle, or soft, freshly formed cuticle, a result quite un- 
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expected in view of the suggestion by Bcament'*® that volatile paraffins and 
alcohols are present in soft wax, which are lost on hardening. 

Studies of the chemical composition of cockroach wax show that it 
contains saturated and unsaturated hydrocarbons, fatty acids, and a 
number of aldehydes. Its thickness on the epicuticle of P. americana ranges 
from 0-4/j for last instar nymphs to 1-2/t for mature adults. This is not 
greatly different from the value of 0*6/t obtained for the wax layer on the 
abdomen of B. orientalis}^^ The amount of wax, however, is not constant; 
on newly moulted adults of the American Cockroach it increases con- 
siderably, especially in males, to almost 1 1 per cent of the total thickness 
of the cuticle (Table XV). Very little is extractable from the exuviae of 
nymphs, in wWch continued secretion is prevented at moulting by the 
separation of the cuticle from the hypodermis. 

Table XV 

THICKNESS OF THE WAX LAYER (AS PERCENTAGE OF TOTAL 
THICKNESS OF CLTFICLE) AND LIPID CONTENT OF THE CUTICLE 
(AS PERCENTAGE OF DRY WEIGHT) AT VARIOUS STAGES OF 
DEVELOPMENT OF P. AMERICANA 
(from Dennell & Malck,“*) 


Stage 

Thickness of wax \ 
layer i%) 

Male Female 

LipidV/o) 

Male Female 

Cuticle of fully hardened last instar 





nymph: 

06 

06 

1-3 

1-5 

Shed cuticle of last instar nymph 





(exocuticle only): 

1-2 

04 

1-7 

08 

Cuticle of newly moulted adult: 

107 

4-7 

101 

58 

Cuticle of fully hardened adult; 

20 

15 

3-7 

3-3 


The function of wax in conserving the body moisture of the cockroach 
cannot be overstressed. In Chapter 12 we shall see that water for drinking 
and water conservation are vital to survival, particularly for the German 
Cockroach, and that at temperatures above 30°C water is lost from the 
insect very rapidly. Wigglesworth'*‘ has shown that the approximate 
‘critical temperature’ for the increase in transpiration through the cuticle 
of intact B. gerwanica is 31°C, and through a film of isolated wax^®’ it is 
30'C. 

Hypodermis, oenocjies and wax secretion 

The hypodermis serves a number of very important functions ; it is respon- 
sible for secreting the cuticle, contains glands which produce the moulting 
hormone, possibly serves as an intermediary in the movement of wax to 
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the surface of the cuticle and contains glands responsible for the produc- 
tion of cuticular cement. In addition, Winston'** has produced evidence 
to suggest that the hypodcrmis acts as a ‘cuticular water pump’ and is 
actively involved in regulating the water relations of the insect with its 
environment. 

Substantial changes occur in the hypodermis during nymphal develop- 
ment. In the Oriental Cockroach, the hypodermis of first stage nymphs 
consists of a single layer of cells almost equal in size, except for a few 
larger cells, irregular in shape, around the spiracles.'*’ These larger 
cells are the oenocytes which in the adult become extremely abundant and 
conspicuous and have a secretory function as well as being concerned in 
fat metabolism. 

As the insect grows, the oenocytes increase in number and form a second 
layer of cells beneath all areas of the hypodermis. At the moults, these cells 
again increase in number and are said to migrate into the body cavity. 
They are distributed below the hypodermis of the abdominal tergites and 
stcrnites, particularly over the anterior half of each segment where jt is 
overlapped by the preceding segment. In the adult cockroach the hypo- 
dermal cells become much attenuated, and their nuclei displaced by the 
enlarged oenocytes which come to He very closely beneath the inner layer 
of the cuticle. According to Kramer & Wigglesworlh’** direct contact is 
not achieved, the oenocytes remaining separated from the cuticle by an 
extremely thin cytoplasmic membrane. 

There is reason to believe that the oenocytes of the cockroach are con- 
cerned in the production of wax. When a layer of alumina is applied to one 
side of the abdomen, this dust readily adsorbs the mobile soft wax and 
staining techniques fail to show any differences between the two sides 
except an increased activity of the oenocytes (Kramer & Wigglesworth'**). 
These authors conclude that the oenocytes manufacture cuticular wax and 
that the hypodcnnal cells probably act as intermediaries in its trans- 
mission to the surface. Certainly the pore canals can be eliminated as a 
means of transfer since they do not, in the cockroach, penetrate the 
epicuticle, but this is not so in all insects. 

As early as 1918, Dusham“® made a study of the distribution of what he 
calls wax secretory glands of the German Cockroach. He describes them 
as so small that they can hardly be distinguished from normal hypodcrmal 
cells except for the larger nuclei. From his account it seems likely that he 
was referring to the oenocytes: they occur ‘on the dorsal and ventral sur- 
face of each segment, scattered over each tergite and sternite and are most 
abundant in the median line, but not on the intersegmental membranes. 
The glands are most prominent on the anterior portion of each segment 
where they are covered by the posterior part of the preceding segment’ 
(Fig. 40). 

Dusham refers to these glands as modified hypodermal cells: ‘they 
contain large nuclei, a nucleolus and many deeply staining chromatin 
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Fig. 40. Wat glands (shaded) on 
the dorsal and ventral abdominal 
segments of male B. german!ca. 
The highest density occurs where 
the sclcritcs are overlapped, 
(after Dusham'**)* The distribu* 
tion of glands in the female is 
similar. 


Oorsaf 


granules. The cytoplasm appears granular and each cell contains several 
vacuoles’. These secretory cells appear in the hypodermis of first stage 
nymphs when only two days old and by the third instar, they take on a 
condition similar to their appearance in the adult. 


Cement layer and dermal glands 

The wax secreted by cockroaches is freely exposed on the surface of the 
cuticle where it is probably readily removed by contact with the insect’s 
surroundings. In most insects the wax layer is protected by a layer of 
‘cement’ poured out by dermal glands at the time of moulting. Kramer & 
Wigglesworth state that there can be little doubt that a cement layer also 
exists in the cockroach, but the dermal glands which produce it are com- 
pletely atrophied in the mature adult. 

The dermal glands of insects produce a variety of secretions — wax, silk, 
attractant odours important to mating, moulting fluid, and compounds 
with irritant and repellent properties. According to Stanislavski)^^® the 
dermal glands of the Oriental Cockroach are of two types: (1) simple 
glands present in males only, abundant on the dorsal surface of the 
abdomen and sparse beneath, and (2) aheohr glands composed of groups 
of large numbers of simple glands which discharge into invaginations be- 
tween the fifth and sixth abdominal tergites of both sexes. He also men- 
tions an additional gland of this second type, in males only, which dis- 
charges into a fold beneath the sixth abdominal sternite. 

In the American Cockroach, dermal glands occur in both sexes although 
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they are far more numerous on the tergilcs of the male. The canals by 
which these glands open onto the surface of the cuticle are far larger than 
the pore canals of the endo- and exocuticles referred to earlier. 

Pygidial glands and tergal secretions 

Cockroaches possess a number of other glands in addition to those already 
mentioned, but their function is not precisely known. For example, 
on the terminal abdominal lergite of female B. germanica there are three 
groups of depressions normally hidden from view by the overlapping 
Here the hypodermis is much 


Fig. 41. The pygidial glands (shaded) 
of a female BtaUella germanica (after 

Dushara*”)- 



thickened and consists of several layers of cells containing reservoirs within 
the cytoplasm. These cells are connected to the surface by fine canals which 
empty the reservoirs into the depressions of the cuticle.*** Stanislavskij 
describes a similar gland on the pygidium of males of the Oriental Cock- 
roach to which he ascribes a repugnatorial function. This gland is formed 
as a fold of the integument and opens just over the anus. Rau** has ob- 
served that a viscous secretion accumulates on the terminal abdominal 
segments of adult females and nymphs of both sexes of Blaiia orientalis 
and Stock & O'Farre!*** have made similar observations for the cerci of 
nymphs of B. germanica. More recently Roth & Stahl**® have found that 
secretions accumulate on the cerci and abdominal segments of both sexes 
of many oviparous cockroaches. Including the common domiciliary 
species, particularly when isolated, or kept in small numbers. This secre- 
tion is not, however, produced by isolated nymphs of false ovoviviparous 
species or the false viviparous Diplopiera punctata (see Chapter 9). 

The detailed studies of Roth & Stahl with the Oriental Cockroach show 
that the snateriai secreted by the cerci and produced on the sixth and 
seventh tergites is water soluble. It is composed of ten per cent carbo- 
hydrate, containing a polysaccharide, and 90 per cent protein, comprising 
a variety of amino acids. Again the function of this material is not known, 
nor the reason for its presence on some species but not others. It may help 
to keep young nymphs together’*’ but this suggestion has not been sup- 
ported. Roth & Stahl’** suggest that if a type of trophallaxis (mutual 
exchange of nutrient in symbiosis) exists among cockroaches, whereby 
nymphs cat the material off each other, it is conceivable that a secretion 
high in protein could help to supplement food. Certainly there is evidence 
that the secretion produced on the abdominal tergites of male cockroaches 
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is taken by females during copulation (see Chapter 8) and plays an im- 
portant part in the mating sequence. 

Finally reference must be made here to the pellets of material rich in 
urates produced in some species by the male colleterial glands. This 
material is passed into the genital pouch of the female during insemination 
and is thought to be a means of voiding excess waste products of metabol- 
ism (Chapters 6 & 8). 


RECEPTOR ORGANS 

The cuticle of the cockroach is a highly receptive area to external stimuli. It 
is modified to form sense organs of many different types which provide the 
insect with an awareness of its environment, information about both physical 
and chemical factors, and the insect's own movements and orientation. 

Much of the information about the sensory processes of insects has 
been obtained by subjecting them to externa) stimuli, such as light, noise 
and odours, and measuring the degree of excitation, either as muscular 
activity or more simply by observing whether the insect moves towards or 
away from the source of stimulation. 

Perhaps the biggest step forward in providing information on the nature 
of sensory perception has come in the last 30 years with development of 
techniques for detecting electrical impulses in insect nerves. This has 
enlarged considerably our knowledge of the functions of the many and 
varied types of cuticular sensory structures. 

Light receptors 

The largest sense organs of the cockroach are the compound eyes, com- 
posed of a number of small ommatidia, each with a biconvex lens formed 
from a transparent area of cuticle. As in most insects the compound eyes 
of the cockroach have a wide field of vision. Nevertheless, all the pest 
species are characterised by their avoidance of light and preference for 
dark situations during the day. 

Cockroaches which live outdoors, have their vision supplemented by a 
pair of simple eyes or ocelli. The ocellus has a single lens but is not capable 
of perceiving form; it is simply a ‘light collecting’ organ which is believed 
to play a part in the control of circadian rhythm (Chapter 1 1). Ocelli have 
been lost in cockroaches with a burrowing habit, and in others (most of 
the domiciliary species) the ocelli are reduced to non-pigmented areas of 
cuticle known as fenestrae (see Fig. 46, p.ll9) 

Contact receptors 

The cockroach is made aware of its immediate surroundings largely by 
sense of touch. On the antennae, numerous tactile hairs arise from special 
hair-forming cells in the hypodermis. Larger structures, usually referred to 
as spines or setae, occur on the legs and body. All of these, like the lenses 
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covering the compound eyes and ocelli, are shed and renewed at each moult. 

The mouthparts of cockroaches play an important role in sensory per- 
ception. Their detailed structure is described in the next chapter (^, but 
reference is made here to one of the characteristic patterns of behaviour 
of cockroaches, namely the exploration of surfaces on which they walk by 
means of the maxillary palps. 

The musculature of the five-segmented maxillary palp is shown dia- 
grammatically in Fig. 42. Tbe joints are formed by a thinning of the cuticle 



Fig. 4Z. (a) Left maxillary palp of P- amerkana showing muscles. Arrows show 
the locations of campaniform (c) and hair (h) sensillae and their numbers. 

(b) Lateral view of Ibeicmt b^ween the 3rd and 4ih segments of (he maxillary 
palp showing hair sensillae on the flexor surface. 

(c) Dorsal view of the same Joint showing the location of campaniform sensillae 
on the h}nge side (after Pringie***). 

on one side, towards which the segments can bend. The basal segment is 
serxed by two muscles which work in opposition, but each of the other 
segments is mo\cd by one muscle, pull being balanced by the elasticity of 
the hinge. The whole of the fifth or terminal segment of the palp is covered 
with hairs which are sensitive to touch. 

Pringle'** has studied sensory perception in the maxillary palps of P. 
antericana. To do this, fine platinum electrodes were placed on the cut 
mwillary nerxe where it joins the subocsophageal ganglion. Impulses 
arising from the sense organs on the palps were passed via the electrodes 
to an amplifier and oscillograph. 
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ment, whilst others provide the insect wth information about its orienta- 
tion. Pringle^*® describes these sensillae for P. americana as consisting of a 
fine canal penetrating the whole thickness of the cuticle, covered at the top 
by a domed cap. They are arranged in groups at the joints and are similar 
in action to those on the palps; they respond to strains in the cuticle or 
when artificial pressures are produced, e.g. by a glass needle on the side of 
the trochanter. They are so arranged as to be sensitive to forces which are 
set up when the insect is standing on its feet. They probably provide the 
insect with the sense of contact pressure and inhibit the ‘righting reSex’. 

Chemo-receptors 

The cockroach is not highly selective in its choice of food, but the mouth- 
parts are well provided with receptors which enable the insect to exercise a 
sense of taste. Frings et have undertaken tests on 23 different species 
of insect to discover the location of chemo-reception. 

When the antennae of American and German Cockroaches are touched 
with a dry glass needle more than one cm from the head the insect usually 
withdraws. If touched within one cm of the head, the maxillary palps 
reach towards the source of stimulation. Because these same reactions 
also result with needles dipped in water, and solutions of sugar and salt, 
Frings et al. conclude that the antennae of cockroaches are not equipped 
with contact chemo-receptors. Tests on other parts of the body, cerci, 
tarsi and other sections of the legs, indicate that the chemo-receptors 
involved In feeding are confined to the mouth. 

Detailed studies with different solutions applied to the maxillary palps 
show that only the ventral surface of terminal segments, near the tip, sup- 
port gustatory receptors. In this area there are a number of ovoid sensillae. 
The tips of the labial palps also respond to solutions, but whilst other 
areas of the palps are well supplied with contact receptors they do not 
appear capable of chemo-reception. The tip of the labium and hypo- 
pharynx are sensitive to chemicals but there would appear to be no chemo- 
receptors within the pharynx. Frings et al, point out that the distribution 
of chemo-rcccptors in the cockroach diflcrs from that of the Hemiptera, 
Lcpidoptcra and Dipiera which have receptors of this type on the tarsi, 
and from the Hymenoptera which have antennal receptors for taste. 

Auditory receptors 

Sound is a series of waves involving air movements and variations in air 
pressure. Insects, such as grasshoppers, locusts and crickets, which produce 
sound as a call to one another, have well-developed tympanic organs — 
a thin membrane on the tibiae or tergites of the abdomen svith receptive 
sensillae. Until recently, cockroaches were not known to produce sound, 
but stridulatory noise has now been recorded from the Lobster Cockroach, 
and similar sounds arc thought to be emitted by the Madeira Cockroach. 

In insects v. ithout complex tympanic organs, air movements arc detected 
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by hair sensillae. The cerci of cockroaches are clothed with receptors 
of this type (Fig. 44). They may also possibly respond to earthbome 
vibrations. Pumphrey &. Rawdon-Smith'” used platinum electrodes 
to show that the cerci of the American Cockroach have a partly auditory 
function. While there is difficulty in distinguishing between acoustic and 
vibratory stimuli for such an organ, it seems likely, because it is carried 
more or less erect in the cockroach, that its function as a ‘wind gauge’ may 
be equal in importance to its function as an acoustic organ.*®® Certainly 
short and gentle puffs of air on the cerci produce marked trains of electrical 
stimuli in the cereal nerve. 



Fig. 44. The cercus of an adult male Blatia orientalis showing 
the sense organs and receptive hairs. 


Rau*®* describes experiments in which observations were made on the 
reactions of cockroaches to sounds produced in various ways. He con- 
cludes that the Oriental Cockroach ‘perceives and responds to such sounds 
as banging of doors, peals of thunder, blasts of dynamite and beating of 
metal tubs’, but the response is not consistent for nymphs and adults or 
between the sexes. An audio-oscillator emitting up to 6,000 vibrations/ 
second resulted in very low responses in B. orientalis and P. americana, but 
caused more Parcoblalta pensyhanica to respond. It seems probable 
from the information available that the cerci of the cockroach perceive 
stimuli, vibrations, sound or air movement, which enable the insect to 
initiate the escape reaction so well shown by the scurrying of the pest 
species when disturbed in an infested room. 
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Basic structure: mouthparls; fore-gut and salivary glands; mid-gut; malpighian 
tubules; hind-gut — Speed of movement of food through the gut — Enzymes and 
digestion; sites and levels of enzyme activity — Cbiiulase and protozoan symbionts — 
The gut and feeding behaviour. 


The simplest form of alimentary canal in insects is a straight tube from 
mouth to anus, but modifications to this basic structure have occurred 
during evolution in relation to the type of food consumed. The mouth- 
parts, for instance, have become specialised for biting, piercing, or suck- 
ing, or they may have atrophied completely. The presence, or absence, 
of certain types of enzyme within the alimentary canal can be correlated 
with the type of food eaten. But in some insects, including cockroaches, 
micro-organisms in the gut assist digestion by producing enzymes not 
secreted, or produced only in small quantity, by the Insect itself. 

Cockroaches are omnivorous; almost every type of organic material is 
chewed, but whether or not all such material is ingested as food isquestion- 
able.Neverthelesscockroachesshowprererences,asisindicatedbythesimp1e 
experiment in an infested room in which Oriental Cockroaches were 
attracted to traps baited with difTerent foods (Table XVI). This test pro- 
duced the now wcU-accepted conclusion that pest cockroaches prefer 


Table XVI 


THE ATTRACTIVENESS OF DIFFERENT FOODS TO B. ORIENTALIS 
AS SHOWN BY TRAPPING 
(After Rau’**) 


Type t>f fffod 

fiighl on H'hlck 
cockroaches first 
entered traps 

Number of cock- 
roaches caught 
during 1 1 nights 

Sugary cinnamon bun 

3rd 

65 

While bread 

3rd 

44 

Boiled potato 

6th 

22 

Sliced banana, fruit and skin 

8th 


Celery 

8th 


Hard-boiled egg 

10th 


Bacon 

— 

0 
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Starchy and sugary foods in preference to fruits and meats, although 
fresh fruits often provide a source of liquid when water is lacking. 

In this chapter we shall examine the structure of the alimentary canal of 
the cockroach, for which P. americana is taken as a typical example since 
this species is most readily available for teaching purposes. With limited 
exceptions, the macroscopic appearance only is described; the reader 
interested in detdied cytological structure should consult the studies of 
Hafez & Afi5 on Siipella supeUectilium^^* and of Ross on B. germanica^^''. 

In describing the various parts of the alimentary canal it is convenient 
to include the mouthparts, salivary glands and malpighian tubules, al- 
though these are not conventionally regarded as parts of the gut. In addi- 
tion, we shall consider the movement of food through the gut, absorption, 
enzyme production and digestion. 

Basic structure 

Because cockroaches are omnivorous, their mouthparts are unspecialised; 
this allows them to bite and chew hard materials, consume soft foods with 
ease and lap up liquids. It follows that the alimentary canal is also rela- 
tively simple; it consists of a slightly coiled tube, about twice as long as the 
body, running from mouth to anus, but modified in different sections to 
fulfil specific functions. The gut is divided for convenience into three 
sections, the fore-, mid- and hind-gut which are easily discernible on 
dissection (Fig. 45). 

It is perhaps necessary to emphasise here that in all insects the fore and 
hind sections of the gut are derived during development from the same 
embryonic material as the hypodermis, whereas the mid-gut is of endo- 
dermal origin, derived from the inner layer of cells which form the wall 
of the developing gastrula. This explains the presence of a cuticular 
lining to the fore- and hind-gut of the cockroach and influences the areas 
of the alimentary canal capable of absorbing digested food. The gut is 
well supplied with tracheae which hold it in place in the body cavity (the 
haemocoele) between (he lobes of the fat body. The muscular walls of the 
fore-gut are innervated by the sympathetic nervous system (p. 164) and 
the hind-gut is served by nerves from the terminal abdominal ganglion. 

Mouthparts 

) The mouthparts of the cockroach consist of five well-articulated struc- 
tures; the labrum (upper lip or cpipharynx), the strongly developedjnari; 
dibles, the sensory maxillae, the hypgpharynx (tongue), and the labium 
(lower lipJ^Reference has already been made to some of these structures in 
connection with chemo-reception and the sense organs which detect the 
movement of the component parts (Chapter 4). 

A brief description of the relative position of the mouthparts is helpful 
in identifying the five structures. With the head at rest, pointing backwards, 
the tips of the mouthparts come into contact with the bases of the front 




Fig. 4S. Dissection of an adult female American Cockroach to show the alimentary 
canal, with its component parts, and the central nervous system. The fat body has been 
removed. The dorsal tergites of the abdomen have been turned back to show the heart. 
Note the tracheal supply to the walls of the crop and the hind*gut. The ovarioles show 
developing and mature oocytes. 


coxae. During feeding the head is raised and the mouthparts point verti- 
cally downwards; the labrum is clearly visible from the front attached 
to the lower margin of the clypeus (Fig. 46a) and forms the anterior wall of 
the mouth or buccal cavity. The labrum hides the toothed areas of the 
mandibles which are heavily sclerotised on their opposing edges; each 
mandible bears three w'ell-defincd denticles, which interlock when the 
mandibles are at rest, and a smoother ‘molar’ area used in mastication. 
During eating, the mandibles undergo a sideways movement brought 
about by the action of the adductor and abductor muscles (Fig. 47). 

Behind the mandibles lie the paired maxillae which articulate with the 
posterior surface of the head (Fig. 46b). Each maxilla is composed of a 
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number of parts; the stipes, hinged to the cardo, bears three processes, 
namely the lacinia (sclerotised with a pair of sharp denticles and a blunt 
lacinula), the galea which is not sclerotised and acts as a sheath for the 
lacinia, and the five-segmented maxillary palp which is sensory and does 
not take part in macerating food. 

The labium is the most posterior of the mouthparts. It consists of the 
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submentum, which borders on the occipital foramen, and the mentum 
which supports a paired structure, the prementum with a terminal glossa 
and paraglossa. The labial palps have four joints including the basal pal- 
piger. In the middle of the buccal cavity, the hypopharynx or tongue, 
originates at the opening of the salivary duct. 




tABRUM MANDIBLE 

nR.47. Mouthparts ofi*. fl/ntfr/canaLpo«eriorviw)dissected out to show their detailed 
uructurc. (Parts drawn to same scate except hypopharynx, which is enlarged.) 
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Thus all components of the typical insect mouthparts are represented, 
and are without elaborate modifications. It is for this reason that they are 
invaluable for demonstrating to students the primitive condition, thus 
allowing a better appreciation of the evolutionary changes which have 
occurred to mouthparts in the higher insect Orders. 

Fore-gut and salivary glands 

Food is crushed in front of the hypopharynx in the region known as the 
cibarium; it is then passed backward into the salivarium where it is acted 
upon by salivary secretion and then passed into the pharynx. This is well 
supplied with dilator muscles, allowing it to increase in size to accom- 
modate what is often described as the cockroach’s ‘voracious appetite’. 
Cockroaches often disgorge a clear salivary secretion onto the surfaces 
over which they walk, and this may be either reimbibed by the same 
cockroach or taken up by others. The brown smears frequently seen on 
cockroach infested goods are usually regarded as regurgitated, partly 
digested food, but observations show this liquid is of faecal origin. 
(Edwards & Stokes, personal communication). 

Posterior to the pharynx, the fore-gut consists of, the oesophagus, crop 
and proventriculus (Fig. 48). The oesophagus is a straight, narrow tube 
which enlarges and merges into the crop, a symmetrical dilation of the 
hind part of the oesophagus. A pair of salivary glands (Fig. 49a) lie in the 
thorax on either side of the oesophagus and extend backwards along 
the crop. Each gland consists of a network of fine tubules (intercalary 
ducts) connecting secretory bodies (acini) into grape-like clusters. Associa- 
ted with each gland is a salivary reservoir for the storage of saliva; the 
paired ducts from the salivary glands and those from the reservoirs unite 
in the prothorax to form the common salivary duct which opens in the 
salivary pocket at the base of the hypopharynx. These ducts have a 
stiffened spiral lining, similar to that of the tracheae, which it is thought 
serve to keep them open. The saliva is a clear non-viscous fluid rich in 
amylase, which breaks down starchy components of the food into simple 
sugars. 

The acini of the cockroach salivary glands contain two main types of 
cell, described by Day^®® as zymogenic cells and ductule-containing cells 
(Fig. 49b). Both are responsible for the secretion of amylase as well as a 
mucoid substance. The zymogenic cells occur in various stages of secretory 
activity, except in starved cockroaches, when after 10 days without food 
all the cells are in the non-secrctory stage. Upon feeding, secretory activity 
is quickly resumed. 

The ductule-containing cells are innervated by the posterior part of the 
recurrent nerve of the stomatogastric nervous system (see Chapter 7) 
and it is these cells which are believed to pass the products of the zymo- 
genic cells into the branched system of intercalary ducts. There is reason 
to believe, however, that the collecting ducts have more than a purely 
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Fig. 4S (a) Section of fore* and mid>gii1 of B orientalis (b) sagittal section of 
the proventriojlus of D. orirmalh through a primary fold, and (c) generalised 
cockroach provcntrioilus slit longitudinally and laid open (after McKittrick**). 
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mechanical function in transporting saliva from the acini to the reservoirs 
or mouthparts; it is thought that the ducts also play a part in the produc- 
tion of saliva. 



Zymogenic cells 
in various phases 
of secretory activity 



Fig. 49. (a) Salivary gland of P. americana; (b) diagrammatic section 
of an acinus (after Day’**)- 


Food may be already mixed with salivary secretion before it is taken in 
at the mouth. Thus the initial stages of digestion may occur before in- 
gestion into the pharynx. Most digestion occurs in the crop where the 
breakdown of foods is assisted by additional secretions passed forward 
from the mid-gut.'®* The crop is capable of considerable distension and 
extends posteriorly as far as the third or fourth abdominal segment. The 
epithelial and cuticular lining is very much folded, practically impermeable 
to water and sugar solutions, but is capable of absorbing fats. 

To elucidate which parts of the alimentary canal can absorb the pro- 
ducts of digestion, studies have been made of the cuticular lining of the 
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fore- and hind-gut. According to Eidmann’" the cuiicular lining of the 
crop of B. orientalis is three to four times thicker than that of the 
hind-gut and to test the permeability of these linings, sections of the gut 
were removed and tested as semi-permeable membranes to acid and 
alkaline aqueous solutions. Movement through the wall of the hind-gut 
occurred in 10-15 minutes, but it took about 24 hours for movements to 
take place through that of the crop. Abbott’®* states that the crop of F. 
australasiae is capable of absorbing fat in large quantities but a minimum 
of eight hours is necessary to demonstrate this. 

The proventrieulus, or giz 2 ard (Fig. 48b and c), is the shortest section of 
the fore-gut, and lies behind the crop. McKittrick®* has made a detailed 
study of the proventrieulus in the families of the Blattaria: it consists of an 
anterior armarium and a posterior stomodcal valve. The armarium is 
characterised by an elaborately specialised framework of 12 cuticular 
folds, each with an anterior sclerotised denticle, a median pulvillus clothed 
with hairs and a posterior valve. These 12 comprise primary and secondary 
structures differing in siie. Cockroach species vary in the degree of special- 
isation of the denticles and pulvilli. Descriptions of the musculature of the 
proventrieulus have been given by Sanford*** for FeripJaneta, and by 
Eidmann’*® for Blatia. 

The precise function of the armarium of the proventrieulus of the cock- 
roach is uncertain; in various insects it functions as a dam, pump or 
triturating organ. There seems no doubt that the denticles, surrounded by 
the well-developed compressor muscle, serve to crush food as demonstrated 
by the difference in size of the particles in the fore- and mid-gut. When the 
teeth of the gizzard are clos^ they meet together so that the inward 
pointing denticles almost occlude the lumen. The hairs on the pulvilli act 
as a sphincter and may help to filter the coarse food from the fine. 

Before discussing the mid-gut, there is one further structure, which be- 
longs with the fore-gut in origin, but which extends posteriorly within the 
lumen of the hind-gut. This is the oesophageal invagination; it extends 
from the posterior end of the proventrieulus and folds back on itself (Fig. 
48a) and is therefore double-walled. It has a narrow lumen which directs 
food into the peritrophic membrane of the mid-gut. 

Mid-gut 

This section of the alimentary canal consists of the ventriculus (or mesen- 
teron) with eight enteric caecae at its anterior end. The mid-gut lacks the 
thin cuticular lining of the fore- and hind-gut, and unlike the other regions 
of the alimentary carwl, the haemocoelic surface of the mid-gut is served 
by visceral tracheae given off from each pair of abdominal spiracles. In this 
area there arc also conspicuous anastamoses between the relatively large 
tracheae (sec Chapter 6). 

. epithelial lining of the mid-gut is composed of secretory and absorp- 

tne cells, protected from damage by food particles by the peritrophic 
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membrane, an almost transparent tubular sheath which contains the food 
contents of the mid-gut and which is similar in composition to the inner 
layers of the cuticle. This membrane, which is constantly being regenerated, 
is permeable to enzymes and digested food and is separated from the inner 
epithelium of the mid-gut by a space filled with fluid. The epithelial cells 
are columnar in shape and interspersed with groups of undifferentiated 
replacement cells, the whole being much thicker than the epithelial lining 
of the fore-gut. In the absence of mucoid substances, the peritrophic 
membrane serves as a sleeve to protect the epithelial cells from abrasion. 

The enteric caeca serve to increase the secretory and absorptive area of 
the mid-gut. In P. australasiae their combined secretory area is 1-1 ^ times 
that of the ventriculus.^®^ The cells which comprise the epithelial lining of 
the caeca are similar to those of the ventriculus, but the lining of the caeca 
is very much folded to form Invaginations, at the base of which nests (or 
nidi) of regenerative cells occur. 

Malpighian tubules 

The posterior end of the mid-gut is delineated by the malpighian tubules, 
concerned with water regulation and the ionic balance of the haemolymph. 
It is not usual to describe these organs in the context of the gut and 



Hg. 50. Increase in contractions of the malpighian tubules of B. orientalis with 
increasing temperature (after Koller**’}. 
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digestion, but in Periplaneta the tubules have been sho\vn to contain 
intracellular enzymes.”* In most insects they are thought to have an 
excretory function, but in cockroaches, much waste nitrogenous matter 
is disposed of by storage in the fat body and by way of the male accessory 
glands (Chapter 8). 

The number of malpjghian tubules in Periplaneta has been variously 
quoted as 60-150.”*'”* They are long, slender and blind, each about 
16 mm long and 0-5 mm in section. They have a surface area of about 400 
sq. mm per mg of insect, and are in intimate contact with the haemolymph. 
The means by which waste nitrogenous matter and inorganic salts are 
passed from the haemolymph into the cavity of the tubule and thence to 
the hind-gut is not fully understood. In the cockroach, the malpighlan 
tubules show vigorous peristaltic movements which presumably increases 
their contact with the haemolymph, and thus the rate of absorption of 
water and other materials into the hind-gut. 

Studies on the movements of the malpighlan tubules of P. amcricana 
have shown 5-15 contractions per minute at 20-25®C. The frequency of 
these movements increases with temperature. In B. orientalis regular 
rhythmic movements are apparent only above 20°C and reach a maximum 
at 35-38*C (Fig. 50). These do not appear to be under nervous control 
since isolated tubules retain their rhythmic mobility for an appreciable 
time. There is reason to believe that in situ, movement of tubules, best 
described as ‘wriggling, lashing or spiralling, without detectable effect on 
constriction or dilation’, is under hormonal control of the brain. In addi* 
tion to placing the tubules in contact with the maximum possible blood 
volume, it is possible that these movements help to keep their liquid con- 
tents moving.”’ 

Hind-gut 

The principal function of the hind-gut is to remove water from digested 
food with the result that waste is discharged from the anus as a dry pellet. 
It would appear, however, that this only occurs when the cockroach is 
faced with a water shortage. Insects kept in the laboratory with adequate 
water discharge a soft, wet faecal pellet; at times a brown liquid containing 
a fittie solid waste is forcibly ejected, giving rise to the so-called ‘vomit' 
marks of cockroaches. 

The hind-gut is divided into three sections, the ileum, the colon and the 
rectum. As mentioned earlier, the hind-gut is derived during development 
from the same tissues as the fore-gut, but unlike the lining of this section 
the lining of the hind-gut is readily permeable to water. 

The ileum, the shortest section of the gut (about 1-5 mm long), is narrow- 
er than the ventriculusof the mid-gut, and where it joins thecolon there isa 
ring of SIX lobes, triangular in shape, bearing tiny spicules on the inner wall, 
directed towards the colon. It must be assumed that these fulfil the same 
function as the ‘pyloric sphincter’ of other insects in regulating the dis- 
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charge of the mid-gut contents into the colon. The colon is easily distin- 
guished by the irregular appearance of its wall and the darker colour of its 
contents. 

In addition to the hind-gut being concerned with the absorption of 
water, it is also a site for the diffusion of certain ions. Datta“® has studied 
the permeability of the isolated hind-gut of Byrsotria fumigata to the move- 
ment of ions and has measured the differences in electrical potential across 
the gut wall with different concentration gradients. Sodium moves more 
freely from the blood into the lumen of the colon than in the reverse direc- 
tion. There is a barrier to the diffusion of potassium across the wall of the 
ileum, but this barrier is less marked in the colon. Chloride permeates 
freely through the wall of the hind-gut, but both the ileum and the colon 
are impermeable, or nearly so, to the movement of sulphate ions. Nitrate 
is thought to permeate more rapidly through the wall of the ileum than 
through that of the colon. It must be presumed that these variations in 
permeability of the ileum and colon are caused by differences in histo- 
logical structure. 

The rectum is oval with a number of distinct ridges. Internally there are 
six longitudinal thickenings in the ventral wall (the rectal pads) which are 
thought to absorb water from the faecal matter within the rectum. These 
pads are formed by development of the epithelial lining covered by a 
smooth layer of chltin, again readily permeable to water. They project into 
the lumen of the rectum and make grooves in the faecal pellets during their 
formation. 

Speed of movement of food through the gut 

Movement of food through the gut is assisted by rhythmical peristalsis, and 
the rate of movement varies with the type of food and whether or not the 
cockroach has previously fed. Soft food, such as banana paste, eaten by P. 
americana (previously starved for 48 hours), reaches the mid-gut within 
half an hour and small amounts are passed into the lumen of the caeca. 
Passage through the raid- and hind-gut is much slower. Food remains 
in the hind-gut for about six hours and indigestible residues remain in the 
rectum for 10-12 hours, but this period may extend to 20 hours,^®® the 
excreta then being deposited as hard, dry pellets. In Australian Cockroaches 
starved for one week, Abbott^®^ found that a diet of fat and sugar was 
retained in the crop for an indefinite period varying from 30 minutes to 
24 hours. 

To obtain information on the speed with which food reaches various 
parts of the gut, German Cockroaches were fed starch paste coloured with 
various dyes.^’® Typical results are shown in Fig. 51 for insects starved for 
two days. Food is held for a short period in the crop by the proventriculus 
and the next delay occurs where the malpighian tubules join the gut. 
Once food begins to pass through the mid- and hind-gut its movement is 
relatively rapid. 
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When food is taken by a replete insect, it reaches the crop in 30 minutes 
but further progress is delayed. The use of dyes has shown that some mix- 
ing of successive meals can occur in the mid* and hind-gut and that after 
a full meal, at least three days are required for the crop to become com- 
pletely empty. 



Fifi. SI. DiagranuTUtic repre$«n(auoR of the speed of movement ofa 
meat through the alimentary tract off. germanlea after two days starva- 
tion. Dotted lines indicate the presence of traces of colouring matter 
from the dyed food (after Day & Powning”*). 


Enzymes and digestion 

Digestion is the breakdown of complex organic compounds (carbo- 
hydrates, proteins and fats) into simpler substances, which can be readily 
absorbed in solution and utilised for growth and energy. The breakdown 
or hydrolysis, of food constituents is brought about by the action of en- 
zymes whose type varies with the diet of the insect. In omnivorous insects 
such as the cockroach, all six of the principal types of enzyme are repre- 
sented: amylase, invertase, maltase, and lactase, acting on carbohydrates 
proteases which digest proteins, and lipase which acts on fats. The most 
comprehensive studies of the distribution of carbohydrate splitting en- 
zymes in the different parts of the digestive tract of pest species of cock- 
roach have been reported by Swingle,”* Wigglesworth,”i Schlottke”* and 
Day & Powmng.”'' In addition, Ehrhardt & Voss”* have used Blaberus 
discotdahs and Leucophaea maderae, and Banks”® has studied the cnzvme 
system of Blaberus craniifer. ^ 

Enzymes am secreted in the cockroach by the salivary glands, the enteric 
caeaie and the ventnculus of the mid.gut. Because starchy foods are a 
major constituent in the cockroach diet, amylase is exceptionally active in 
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the saliva. Enzyme concentration increases at feeding, irrespective of the 
diet, and detectable levels arc found in the contents of the mid-gut of 
Blailella even after three days* star^’ation. Because the mouthparts of cock- 
roaches are moistened by saliva during mastication some digestion by this 
enzj'mc occurs even before the food enters the gut. Invertasc is present in 
the saliva of BlalteUa gcmtanica, but not in Pcriplancta.^'^ 

The mid-gut secretes two proteolytic enzymes: a trypsin-like enzyme 
which acts on natural protein to form peptones and polypeptides; then a 
second group of enzymes, the peptidases, which produce the ultimate break- 
down products of protein digestion, amino acids.'** Lipase is secreted by 
the cells of the mid-gut which arc also capable of absorbing the products of 
fat hydrolysis. 


Sites and levels of enzyme actirity 

Experiments on Blatta orienta/is have shown that the salivary glands pro- 
duce only one enzyme, amylase."* The mid-gut caeca produce invertase, 
maltase, lipase and protease, and these too are produced by the ventriculus, 
although in smaller quantity. The hind-gut does not produce digestive 
enzymes. Almost the whole of digestion takes place in the crop, the en- 
zymes passing backward from the salivary glands and forw’ards from the 
mid-gut. Swingle,"* using extracts from washed crops showed that they 
contained traces of invertase, maltase and lipase, and Sanford"* makes a 
similar claim for lipase. Wigglesworth,"* however, has shown that if the 
gut of the living animal is washed out thoroughly by giving water only for 
two or three weeks, extracts of the crop are free from maltase and invertase. 

Wigglesworth'*' has made a special study of the enzymes concerned in 
carbohydrate digestion and their activity in relation to inorganic salts and 
pH. To measure these effects, the various enzymes, amylase, and invertase 
(from the salivary glands) and invertase, maltase and lactase (from the 
mid-gut) were reacted with appropriate substrates and the speed of reac- 
tion measured by various techniques. 

The range of activity of the four enzymes under different conditions of 
hydrogen ion concentration (Fig. 52) show that amylase from the salivary 
glands of B. genfianica has a considerable tolerance of acid conditions, 
with an optimum activity at pH 5*9 and a value of 50 per cent activity at 
pH 4-8. Human ptyalin is completely inactivated at this pH. Invertase and 
maltase have an optimum range of pH 5*0-6*2, well adapted to work 
Under the acid conditions prevailing in the crop (pH 4*4-6-2), brought 
about by the action of micro-organisms upon carbohydrates, and par- 
ticularly yeasts upon sugar.'" The optimal range for lactase is pH 5-0-6-4. 
Other studies by Wigglesworth have shown that the pH in the gut of 
Blattella varies considerably with the type of food ingested: in the crop 
the pH falls to 4-4 after feeding on glucose (which is broken down to 
lactic acid), rises to 4-8 after consuming lactose and to 6-3 after eating 
protein. Thus, for effective digestion the enzymes of the gut need to be 
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capable of retaining their activity over a wide range of hydrogen ion 
concentrations. • • r 

Studies on the effects of inorganic salts have shown that the activity ol 
amylase from the German Cockroach, as in human ptyalin, is increased 



Fig. 52. Relative activity of amylase, invertase, lactase and maltase in relation 
to hydrogen ion concentration (pH). (From Wigglesworth*”)- 


by the amount of salts in the following descending order: chlorides, 
bromides, iodides, nitrates, pbospbales and sulphates. In contrast, iow 
concentrations of sodium chloride have no effect upon the activity of cock- 
roach invertase, whereas a one per cent solution has a partial inhibiting 
action on invertase and maltase. 

Cellulase and protozoan symbionts 

An account has been given in the previous pages of the alimentary canal 
and the enzyme productioi} in pest species of cockroach. Mention, how- 
ever, must be made of the atypical condition found in Cryptocercus 
punctulatus, for which wood is the sole diet. This is digested by cellulase- 
producing protozoa in the hind-gut; 12 genera, comprising 25 species of 
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flagellate protozoa are associated with this cockroach, and their similarity 
with those of termites has been cited as evidence of the close relationship 
between the Blattaria and the Isoptera (Chapter 2). One genus of these 
protozoan symbionts, Trichonympha, occurs in both termites and Crypto- 
cercus. 

Barbulanympha (Fig. 53) is the most conspicuous of the flagellates in 
both size and abundance in Cryptocercus. Cleveland et al}^ have found it 
in every one of many thousands of cockroaches examined, principally in 
the anterior part of the colon. These protozoa contain the enzymes cellu- 
lase and ceilobiase,^” which the cockroach itself is unable to secrete. These 
enzymes convert cellulose into the soluble sugar, dextrose. 



Fig. 53. Diagrammatic longitudinal section of the anterior 
part of Barbulanympha (x 1000), the most abundant cellu* 
lase-producing flagellate in Cryptocercus punctularus (after 
Cleveland et 

The colon of C. piinciulatiis diflers from other cockroaches in that it is 
, divided into anterior and posterior sections by a strongly developed colonic 
sphincter. Vigorous contractions occur three or four times per second 
in short bursts, forcing the contents of the colon backwards and forwards 
on either side of the valve. This sphincter is in addition to the iliac valve 
between the mid- and hind-gut and a pro-rectal valve between the colon 
and the rectum. The latter has thousands of projecting spines which 
appear to keep the protozoa in the colon. A section through the hind-gut 
shows that it is filled with protozoan flagellates, none occurring beyond 
the iliac, or pro-rectal valves. Another wood-eating cockroach which 
digests cellulose by means of gut protozoa is Panestbia javanica, but in 
this species the symbionts are conflned to the fore-gut. 
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There is now evidence to suggest that some cockroaches are capable of 
breaking down cellulose without the assistance of intestinal symbionts, 
i.e. directly, by the production of an enzyme by the insect. Thus, Ehrhardt 
& Voss”* claim to have demonstrated cellulase in the caeca and mid-gut 
of Blaberus discoidalis and Leucophaea maderae. It is also said to occur in 
the crop, mid-gut, hind-gut and salivary glands of Byrsotriafumigata}'’^ _ 
Wharton et have made a detailed study of cellulase production in 
P. amerkana and other species, to determine its origin and concentration 
under different conditions. The amount of cellulase in the faeces of virgin 
adult females of P. amerkana increases by nine times as they grow older, 
from three to 12 weeks, and egg-producing females have five to seven times 
more in their faeces compared with virgin females. Adult males excrete 
10-20 times more cellulase than virgin females of similar age. Cellulase 
excretion also increases with the age of nymphs, which may be correlated 
with a slow growth of cellulase generating organisms. 

Tests on various unwashed tissues of the gut of P. amerkana show high 
cellulase activity in the salivary glands, caeca and mid-gut, but much 
lower activity in the provcntriculus, crop and hind-gut. When, however, 

TableXVJI 

CELLULASE CONTENT OF THE INTESTINAL TRACT OF DIFFERENT 
SPECIES OF COCKROACH, MEASURED IN CELLULASE UNITS PER 
INSECT. The values for 'whole intestine’ include gut contents and the con- 
tribution to cellulase by gut mlcroflora. AH other tissues were washed free of 
contents and microflora 
(From Wharton, Wharton & Lola”*) 


Species 

Whole 



Washed tissues 



{unwashed) 

Salivary 

gland 

Crop Caecae 

Mid- 

gut 

Malpig- 

hian 

tubules 

Hind- 

gut 

Periplaneta 

amerkana 

160 

51-6 

06 

1-1 

05 

05 

0-4 

Byrsotria 

fumigata 

162 

20 8 

04 

06 

0-5 


03 

ucophaea 

Lemaderae 

140 

204 

1-0 

1-8 

06 

04 

10 

Blaberus 

dlseotdalis 

367 

18 8 

2-8 

7-2 

45 


1-0 

Blaberus 

craniifer 

240 

4-6 

12 

2-2 

77 


1-3 

Blaberus 

giganteus 

1 214 

4-3 

06 

11 

2-2 

— 

02 
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BLOOD CIRCULATION, RESPIRATION 
AND EXCRETION 


ThccircuIatorysysiem:dor&al blood \cssel;circula(ion in the wings — The hacmol>mph: 
haemol>mph volume and water content; haemocyle count; division ofhaemo^es ^d 
haemolymph coagulation; speed ofhacmolymph circulation— Regulation of circulation 
by neuro-hormones; endocrine control and the pericardial cells; feeding and heart rate; 
compensating mechanisms in heart beat control — ^Transport of ncuro-hormon«. 
The respiratory system: gaseous exchange; ctfects of temperature and dilTcrcnccs be- 
tween species — ^Tissue respiration; respiratory elTects of hormones 
The excretory system: malpighian tubules; fat body and storage excretion; endocrine 
control of the fat body — Storage and excretion of uric acid by the male accessory glands 
Deposition of waste products in the cuticle. 


The circulatory system of the cockroach has the primary function of 
bathing the internal organs and tissues with blood, so conveying to them 
the products of digestion and, likewise, it is the means by which w^te 
materials of metabolism are conveyed to the excretory organs. In addition, 
it fulfils the important functions of providing a medium for the circulation 
of hormones produced by the neuro-endocrine system, and the sealing of 
wounds after injury by coagulation. The supply of oxygen to the tissues is 
carried out by an entirely separate system, composed of tracheae and 
tracheoles which reach the tissues as minute tubes and which open to the 
exterior by way of the spiracles. Oxygen is conveyed through this system 
by diffusion, assisted by mechanical ventilation. The removal of waste is 
achieved by a number of different organs, including the malpighian 
tubules, the fat body, and in some species by the accessory glands of the 
male reproductive system. The excretory system regulates the water balance 
in the insect and the ionic balance of the haemolymph. 

These three systems are dealt with together in this chapter, for conveni- 
ence, rather than because they have any direct functional relationship. 
Nevertheless, the reader will discover that there are a number of features 
of the three systems by which they are inter-related. 


THE CIRCULATORY SYSTEM 

Blood circulation in insects consists principally of an ‘open’ system, where- 
by the circulating fluid, haemolymph, moves freely within the body cavity, 
the haemococle. Movement of the haemolymph is maintained by a 
pulsatile ‘heart’ just below the dorsal surface of the integument; this 
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movement is assisted by contractions and expansions of the abdominal 
sclerites during respiratory exchange, and in the cockroach by pulsatile 
organs at the base of the wings and antennae which assist circulation in 
these appendages. 

The direction of movement of haemolymph within the insect is controlled 
by a ‘one-way’ flow in the heart, as well as by the dorsal and ventral 
diaphragms, which separate the haemocoele into the dorsal, pericardial 
sinus, containing the heart, the visceral sinus, containing the gut and 
associated organs, and the ventral, perineural sinus, containing the nerve 
cord. These diaphragms are composed of extremely thin connective tissue 
and are incomplete in the cockroach, allowing the haemolymph to pass 
back to the heart through a number of ‘fenestrae’. The ventral diaphragm 
extends as septa into the legs, dividing the cavities of the joints into 
sinuses, thus separating the outward and return flow of blood (Fig. 54). 



Fig. 54. Diagrammatic section through the thorax of a cockroach 
showing the flow of haemolymph in the haemocoele. 

Dorsal blood vessel 

In the cockroach, the dorsal blood vessel is a straight tube, comprising the 
‘heart’ in the abdominal and thoracic segments, narrowing to form the 
aorta in the head. The posterior end of the heart is closed and the anterior 
end is open. Blood from the pericardial sinus enters the heart through 12 
pairs of openings, the ostia, which act as valves preventing a return flow of 
blood into the haemocoele when the heart contracts. 

Haemolymph in the dorsal blood vessel is passed towards the head and 
discharged below and just in front of the brain. Here, in Periplaneta, lie 
the two small ampullae, which provide additional pumping movements to 
drive the blood into the antennae. Unlike the heart of most insects, that of 
the cockroach has a number of minute, paired segmental vessels arising 
from it. These were first seen in B. orientaUs by Alexandrowicz”® and later 
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investigated in the American Cockroach by Mclndoo;‘®* there are four 
pairs of vessels in the abdomen (in segments three to six), and one pair each 
in the meso- and metathorax. They pass blood from the heart to the lateral 
areas of the body. 

Pulsations of the heart are brought about by contractions of its muscular 
wall, possibly assisted by a pair of alary, famshaped muscles attached to 
the dorsal body wall of each segment. These also give the heart support in 
the pericardial sinus. When the heart is filled with blood, a wave of con- 
traction passes forward along the vessel towards the head, and three phases 
can be distinguished (Fig. 55); contraction (systole), relaxation (diastole) 
and a short period of rest (diastasis). The discharge of blood into the head 
causes a flow backwards in the body cavity. The heart beat in P . americana 
can reverse the direction of flow of haemolymph,’®* but the conditions 
under which this occurs have not been documented. 



Fig. 55. A cn^hanocardiogram from Ihe third abdominal segment of P. americana, 
(a) showing frequency of beats and amplitude, fl?) the component parts of the 
cardiac cycle showing the ‘pre^tolic notch’ at the end of diastasis (after 
Yeager"*). 


Within the pericardial sinus arc groups of large cells attached to the 
sides of the heart. These are the pericardial cells, concerned in the elimina- 
tion of waste products and, as will be seen later, play an important role in 
regulating heart beat. 

Circulation in the wings 

The small pulsatile organs at the base of the wings of P. americana receive 
blood from the tegmina and hindwings and pass it back to the heart, but 
these organs occur only in adults.*** Movement of haemolymph in the 
nervurcs of the wings can be seen if glazed paper is placed beneath them to 
reflect incident light ; apparently, if the wings are extended from the normally 
disposed position into the ‘flying* position, haemolymph circulation is 
interrupted and in some instances becomes completely inhibited. 
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At all stages of wing development — in the wing pads of nymphs and the 
fully developed tegmina and hindwings of adults— the blood is confined 
to the main veins and intermediates and never passes outside these chan- 
nels. The normal circulation route in P. americana is shown in Fig. 56. If 
the insect remains quiet, the flow of blood is vigorous, continuous and at a 
constant rate; blood currents moving away from the body occur in the 
anterior portions of the tegmina and wings, and return to the body is in 
the medial and anal regions. Sometimes the circulation in one tegmen or 
wing is reversed, while that in the other is normal in direction. 




Fig. 56. Tne normal direction of flow of haemolymph (indicated by 
arrows) in the main veins of the legmen and hindwing of P. americana 
(after Yeager & Hendrickson***). 

The haemolj-mph 

The haemolymph of cockroaches has no oxygen-carrying function and 
therefore lacks the pigments associated with vertebrate blood, but there 
is reason to believe that the haemolymph may carry dissolved carbon 
dioxide. The blood is a clear fluid, with a high content of amino acids and 
uric acid; the blood of the German Cockroach normally contains 17 
amino acids,^®® but the quality and concentration of these can be influenced 
by feeding, since certain amino acids, nonnally absent in the blood, can be 
detected if they are given to the insect in its diet.^®* 

The plasma of the haemolymph contains a number of different types of 
cells, haemocytes, some circulating with the blood, others remaining in 
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contact with various tissues* notably the heart. Wigglesworlh’*® divides 
haemocytes into seven types according to their size and appearance after 
staining. Their primary function is to remove, by ingestion, large particles 
of solid matter in the body cavity. They increase by mitotic division and 
actively dividing cells become more abundant in the blood after moulting 
(see p. 139). Their scavenging activity is referred to as phagocytosis and in 
the cockroach, groups of phagocytes accumulate round the pericardial 
cells around which the blood passes on return to the dorsal vessel. 
Haemocytes also collect at sites of injury and take part in sealing the 
wound. 

Haemolymph volume and water content 

Many attempts have been made to measure the blood volume of cock- 
roaches and variable results have been obtained, largely because of the use 
of different methods. Values are usually quoted as ‘blood volume per cent’, 
e.g. the volume in per 100 mg body weight. Using a dilution technique, 
the total amount of blood in P.fuUginosa is said to be 0-035 ml, i.e. a blood 
volume of seven per cent (or 69 mg per gram body weight).^*® The values 
obtained for nymphs of P. americana are considerably higher, ranging 
from 16 to 20 per cent.”* 

Wheeler'*’ stales that the haemolymph of P. americana averages about 
140 fil for a cockroach weighing 800 mg (l.c. 17*5 percent), but before the 
final moult there is a reduction in haemolymph volume from 17 to 14 per 
cent, followed by an increase during the moult to 21 per cent, and a drop 
again within 24 hours to 15 per cent. Withholding of food and water fails 
to change the blood volume;”* and even when nymphs of P. americana 
lose 38 per cent of body weight by forced starvation over 35 days, this has 
no effect on the blood volume percentage. 

A high proportion of the body water of cockroaches is contained in the 
haemolymph. Measurements of the water content of P. americana, as a 
percentage of body weight,**® have given values of 70-4-74-8 per cent and 
68-9 per cent in wild adults of mixed sexes. There is apparently no change 
in body water content of male P. americana {IhZ per cent of total weight) 
during the first 30 days of adult life (Wharton et oA***). 

A detailed study of changes in the blood volume of male American 
Cockroaches in relation to body water content, has been made by inject- 
ing small amounts of radioactively labelled carboxy-inulin. This was 
introduced between the sixth and seventh abdominal sternites and blood 
samples removed from the coxae four hours later. During this period 
injected inulin becomes completely distributed, little accumulates in the 
tissues, none is lost in respiration, but a correction is necessary for eight 
per cent lost by excretion. In adults which have fed, the blood volume 
per cent, determined by this method, drops markedly from 37 per cent 
immediately after the moult, to 30 per cent four days later and decreases 
only slightly during the following four weeks. This happens despite, as 
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mentioned earlier, no loss in body water content. Again an interdependence 
of haemolymph volume and body water content occurs on starvation; fed 
cockroaches maintain a constant water content of 70-3-7 1 -0 per cent over 
a period of 12 days, whereas in starved ones it increases significantly to 
74-1 per cent, whilst the blood volume decreases by about three per cent. 

The observations of Wharton and co-workers on the rapid changes 
which occur in the blood volume of cockroaches, while the total body 
water remains constant, suggest that important shifts take place in the 
water balance of the insect. Because in starved cockroaches there is an 
increase in total water, but a decrease in blood volume, it is evident that 
food intake changes the balance, presumably by the products of metabol- 
ism causing a shift of water from the tissues to the blood ; there is evidence 
therefore of a continuous change in water distribution as the insect eats or 
fasts3®® 

Haemocyte count 

The total number of cells in the haemolymph of P. fiiliginosa ranges from 
15,000-60,000 cells per cu. mm with an average of about 30,000. This 
compares with 20,000 per cu. mm for Bhita orientalis}^^ By determining 
both the haemolymph volume and the blood cell count, NVheeler^*’ has 
calculated the total number of haemocytes in P. americana; this procedure 
gives far more reliable information on changes in the numbers of haemo- 
cytes than the cell count alone because of the changes which occur in 
haemolymph volume. In the American Cockroach, the haemocytes account 
for about six per cent by volume of the haemolymph, and despite the 
changes which occur in blood volume during the final moult, the total 
number of haemocytes remains fairly constant. After the moult, however, 
the number of haemocytes drops from about 12 million to 9 million. 

Division of haemocytes and haemolymph coagulation 
During the reorganisation that occurs at moulting there is an increase in 
cell debris within the body cavity, requiring elimination by phagocytosis. 
Just before moulting, cockroaches cease to eat and become relatively in- 
active. This period in Blatta orientalis is associated with a drop in the 
number of mitotically dividing cells in the haemolymph, normally about 
0-2-0'3 per cent, but three days following the moult, the number increases 
to a maximum and within five days of shedding the exuvium the per- 
centage of mitotically dividing cells returns to its normal level (Fig. 57). 
Tauber”® suggests that the products resulting from the breakdown of 
tissues, before and during moulting, may provide a stimulus to the increase 
in phagocytic cells. 

Also at moulting, the cockroach is prone to the accidental loss of ap- 
pendages— joints of the antennae and legs — and in its newly formed soft 
integument the insect is exceedingly susceptible to cannibalism by its col- 
leagues, and especially in outdoor species, to predation by natural enemies. 
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contact with various tissues, notably the heart, Wigglesworth**® divides 
haemocytes into seven types according to their sip and appearance after 
staining. Their primary function is to remove, by ingestion, larp particles 
of solid matter in the body cavity. They increpe by mitotic division and 
actively dividing cells become more abundant in the blood after rnoulting 
(see p. 139). Their scavenging activity is referred to as phagocytosis and m 
the cockroach, groups of phagocytes accumulate round the pericardial 
cells around which the blood passes on return to the dorsal vessel. 
Haemocytes also collect at sites of injury and take part in sealing the 
wound. 

Haemolymph volume and water content 

Many attempts have been made to measure the blood volume of cock- 
roaches and variable results have been obtained, largely because of the use 
of different methods. Values are usually quoted as ‘blood volume per cent , 
e.g. the volume in fil per 100 mg body weight. Using a dilution technique, 
the total amount of blood in P.fuUginosa is said to be 0-035 ml, i.e. a blood 
volume of seven per cent (or 69 mg per gram body weight).^® The values 
obtained for nymphs of P. americana are considerably higher, ranging 
from 16 to 20 per cent.“* 

Wheeler^” states that the haemolymph of P. americana averages about 
140 nl for a cockroach weighing 800 mg (i.e. 1 7'5 per cent), but the 
final moult there is a reduction in haemolymph volume from 17 to 
cent, followed by an increase during the moult to 21 per cent, and a drop 
again within 24 hours to 15 per cent. Withholding of food and water fails 
to change the blood volume and even when nymphs of P. americema 
lose 38 per cent of body weight by forced starvation over 35 days, this has 
no effect on the blood volume percentage. 

A high proportion of the body water of cockroaches is contained in the 
haemolymph. Measurements of the water content of P. americana, as a 
percentage of body weight,**® have given values of 70-4-74-8 per cent and 
68-9 per cent in wild adults of mixed sexes. There is apparently no change 
in body water content of male P. americana (71’3 per cent of total weight) 
during the first 30 days of adult life (Wharton et o/.*®*). 

A detailed study of changes in the blood volume of male American 
Cockroaches in relation to body water content, has been made by inject- 
ing small amounts of radioactively labelled carboxy-inulin. This was 
introduced between the sixth and seventh abdominal sternites and blood 
samples removed from the coxae four hours later. During this period 
injected inulin becomes completely distributed, little accumulates in the 
tissues, none is lost in respiration, but a correction is necessary for eight 
per cent lost by excretion. In adults which have fed, the blood volume 
per cent, determined by this method, drops markedly from 37 per cent 
immediately after the moult, to 30 per cent four days later and decreases 
only slightly during the following four weeks. This happens despite, as 
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mentioned earlier, no loss in body w’alcr content. Again an interdependence 
of haemolymph volume and body water content occurs on starvation; fed 
cockroaches maintain a constant water content of 70-3-7 1 -0 per cent over 
a period of 12 days, whereas in starved ones it increases significantly to 
74-1 per cent, whilst the blood volume decreases by about three per cent. 

The observations of Wharton and co-workers on the rapid changes 
which occur in the blood volume of cockroaches, while the total body 
water remains constant, suggest that important shifts take place in the 
water balance of the insect. Because in starved cockroaches there is an 
increase in total water, but a decrease in blood volume, it is evident that 
food intake changes the balance, presumably by the products of metabol- 
ism causing a shift of water from the tissues to the blood; there is evidence 
therefore of a continuous change in water distribution as the insect eats or 
fasts.*®’ 


Hacmocyte count 

The total number of cells in the haemolymph of P.fuUginosa ranges from 
15,000-60,000 cells per cu. mm with an average of about 30,000. This 
compares with 20,000 per cu. mm for Blaita orientalis}^^ By determining 
both the haemolymph volume and the blood cell count, Wheeler*®’ has 
calculated the total number of hacmocytes in P. americana; this procedure 
gives far more reliable information on changes in the numbers of haemo- 
cytes than the cell count alone because of the changes which occur in 
haemolymph volume. In the American Cockroach, the hacmocytes account 
for about six per cent by volume of the haemolymph, and despite the 
changes which occur in blood volume during the final moult, the total 
number of hacmocytes remains fairly constant. After the moult, however, 
the number of hacmocytes drops from about 12 million to 9 million. 

Division of haemocytes and haemolymph coagulation 
During the reorganisation that occurs at moulting there is an increase in 
cell debris within the body cavity, requiring elimination by phagocytosis. 
Just before moulting, cockroaches cease to eat and become relatively in- 
active. This period in Blaita orientalis is associated with a drop in the 
number of mitotically dividing cells in the haemolymph, normally about 
0-2-0-3 per cent, but three days following the moult, the number increases 
to a maximum and within five days of shedding the exuvium the per- 
centage of mitotically dividing cells returns to its normal level (Fig 57) 
Tauber*’“ suggests that the products resulting from the breakdown of 
tissues, before and during moulting, may provide a stimulus to the increase 
in phagocytic cells. 

Also at moulting, the cockroach is prone to the accidental loss of an- 
pendages— joints of the antennae and legs— and in its newly formed soft 
integument the insect is exceedingly susceptible to cannibalism bv its col- 
leagues, and especially in outdoor species, to predation by natural enemies. 
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Fig. 57. Variations in the percentage of mitotically dividing cells in the haemol>mph of 
Slaita orlentaUs before and after a moult. The curve connects average values tor -a 
cockroaches (after Tauber*’*)- 


At this time wound healing, through coagulation of the haemolymph, 
plays an important role in sealing the integument against excessive loss of 
moisture. 

In the four days before the final moult and during the moult itself, there 
is a great increase in coagulability of the haemolymph of the Amcriwn 
Cockroach, associated with an increase from 24 to 37 per cent of a specific 
type of haemolymph cell, the cystocyte or coagulocyte. The speed of 
coagulation of the haemolymph increases by thirteen times during this 
moult, but returns to normal an hour later; the number of coagulocytes 
drops after 24 hours.*®’ The exact role of the haemocytes in causing 
precipitation of the blood plasma is not fully understood. 

Speed of haemolymph circulation 

The speed of circulation of blood in the hacmocoele is controlled by the 
frequency of contractions of the heart. Two methods have been used to 
study haemolymph movement, the use of indicator dyes and observations 
on the movement of haemocytes. 

When an aqueous solution of fluorescein is injected into the American 
Cockroach via a cercus, it is pumped forward in the dorsal vessel, and can 
be detected visually under ultraviolet light in successive unsclerotised areas 
on the ventral surface of the body (Fig. 58). The normal circulation time 
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from injection until the appearance of fluorescein in the pulvilli of the fore- 
leg ranges from three to six minutes. Using this technique, Coon’®* has 
subjected American Cockroaches to sub-lethal exposures of a number of 



Fig. 58. The presence of fluoresceio, visible especially in the compound 
eyes, pulvilli and co»e of the legs of P. americam, after injection into 
the left cercus to demonstrate the speed of circulation of haemolymph. 

The insect has been photographed under ultra violet light. 

insecticides, including HCN, and examined their effect on the behaviour 
of the heart during paralysis; the circulation time becomes much extended 
(Fig. 59a) and the normal pulsation rate of the heart, 94-100 per minute, 
is greatly depressed (Fig. 59b). ’ 

The speed of movement of individual haemocytes and thus the rate of 
movement of haemolymph in the tegmina of adult P. americana has been 
measured with the aid of an ocular micrometer. Normally the blood cells 
are transported singly but occasionally they may clump together and be- 
come transported in groups. The rate of movement among 35 insects 
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'aried from 14 to 65 mm per minute (mean of 34 mm/min) which is not 
mlike the flow rate (30-50 mm/min) of corpuscles in the blood of man. 


(a) 



Fig. 59. (a) Increase in blood circulation time in adult P. omerleana and (b) depressitm 
in rate of heart beat, resulting from sub-lethal exposure to HCN and then recovery 
during a 12-hour period of paralysis (after Coon'»‘). 


Regulation of circulation by neuro-hormones 
In Chapter 7 an account is given of the structure and activities 
sympathetic nervous system of the cockroach and mention is made of the 
many and varied influences of neuro-hormones in the control of body 
functions. Here, reference must be made to the influence of hormones m 
the control of blood circulation through the regulation of heart beat. In 
turn, mention is made in the introduction to this chapter of the function 
of the haemolymph in transporting hormones to the target tissues. Both 
these aspects have received a great deal of attention by insect physiologists. 

If the dorsal sclerites of the American Cockroach are removed from the 
insect, with the intact heart attached, and the preparation then placed m 
Ringer solution, the heart continues to beat steadily for several hours. When 
the heart of B. orientalis is prepared in this way and buffered to pH 7-5, it 
contracts at 40-60 times per minute at temperatures between 23 and 
25°C.^®® Using isolated hearts, the effects of extracts from various tissues 
on heart beat rate can be examined. 

A method of recording photographically the frequency and amplitude 
of the heart beat of P. americana has been devised,*®* whereby the move- 
ment of the heart is transmitted by a hair to an opaque arm, interrupting a 
beam of light between its source and a camera. Mechanocardiograms 
obtained by this method are reproduced in Fig. 55 (page 136); the upward 
trend of the curve represents a dorsally directed movement of the dorsal 
diaphragm, at its point of attachment to the ventral wall of the heart, and 
the downward trend represents a ventrally directed movement. Following 
each period of rest, a ‘presystolic notch’ precedes the next period of con- 
traction; it has been suggested that this is caused by pressure of haemo- 
lymph within the heart, resulting from its contraction in another region. 
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Endocrine control and the pericardial cells 

Cameron^®® has shown that an aqueous extract from the corpora cardiaca 
increases the frequency of heart beat by about 50 per cent above normal 
and also increases the amplitude of the beat. Low concentrations of the 
extract increase amplitude only. By severing the nerve connections between 
the brain and corpora cardiaca, and waiting several days before testing 
their activity, proof is obtained that the corpora cardiaca, and not the 
neuro-secretory cells of the brain, arc responsible for producing the 
stimulatory substance.^®® 

More recent studies have shown that the corpus cardiacum is not 
directly responsible for exciting the heart, but does so indirectly, by causing 
the pericardial cells around the heart to produce a stimulatory substance.^®’ 
Evidence for this is obtained by applying homogenates of corpora cardiaca 
to isolated hearts in Ringer solution: these homogenates produce the 
maximum stimulation in four minutes. If after three hours, when the 
stimulatory effect is lost, the fluid is drained off and the heart is first bathed 
in fresh Ringer, followed by the replacement of the same homogenate fluid, 
no increase in rate of heart beat occurs. Nevertheless, this same fluid is 
capable of producing an immediate increase in therate of beating of another 
heart preparation, and demonstrates that the decrease in heart beat after 
three hours does not come about by destruction of the hormone by the 
tissues of the heart preparation. What is more, the addition of fresh 
hormone to the heart, after three hours, fails to elicit much of a response, 
even though the potency of the hormone can be demonstrated on another 
heart. This is not due to simple fatigue, as can be demonstrated by the use 
of a heart stimulant. 

There appears, then, to be some substance in the tissues of the heart 
(believed to be an indolalkylaraine)^*®, which is necessary for the action of 
the corpus cardiacum hormone (probably a peptide or protein), but after 
long exposures to the hormone, the heart-substance becomes exhausted. 
If the heart is treated with dyes to clog the action of the pericardial cells 
there is no response of the heart to the corpus cardiacum hormone. 
Decapitation, however, proves that the corpus cardiacum is necessary for 
activating the pericardial cells (Fig. 60b). 

Feeding and heart rate 

The sequence of events outlined above does not explain what stimulates 
the corpora cardiaca in the first place. The more recent studies undertaken 
by Davey,^®® have helped to elucidate this. If an American Cockroach is 
fed on a ten per cent solution of glucose, the heart rate rises within four 
minutes to some 20 per cent above normal, and remains there for two to 
four hours. If the insect does not accept the food, but takes distilled water 
instead, the heart rate fails to rise. An increase in heart beat is not pre- 
vented by cutting the nerve cord just behind the head (after which cock- 
roaches will still take food for up to 18 hours), and proves that the stimulus 
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injected with corpus cardiacum hormone (after Da\ey‘ 
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is not nerve conducted. Neither is it increased by damaging the corpora 
allata (which can again be carried out without upsetting feeding). The 
increase is, however, prevented by surgical removal of the corpus allatum 
— cardiacum complex, or by blocking the action of the pericardial cells 
with a dye (trypan blue). 

It would appear therefore that feeding causes the release of the hormone 
from the corpus cardiacum which then accelerates the heart through the 
production of an amine by the pericardial cells. Because the increase in 
heart rate occurs almost immediately after feeding, it cannot result from 
an increase in blood sugar. A mechanism which increases blood circulation 
and peristaltic movements of the gut after feeding, provides an obvious 
advantage to the cockroach, in circulating the products of digestion as well 
as transporting metabolic wastes to the excretory organs. 

Compensating mechanisms in heart beat control 

The process of heart beat control given here is probably an oversimplifi- 
cation of the factors involved. The picture has been complicated by the 
work of Ralph®®® who has shown that there are possibly seven heart rate 
i accelerators and five decelerators produced by various tissues. The 
existence of these two groups, antagonistic in action, suggests that the 
neuro-horraones which control muscle activity constitute a carefully 
balanced system. Extracts from various parts of the nervous system show 
that cardio-accelerators are produced by all ganglia of the nerve cord 
except the first abdominal ganglion. Activity varies with point of release 
along the nerve cord as shown in Fig. 60a. 

Extracts from the thoracic muscles and testes tend to decrease heart 
activity and so do organic extracts (as opposed to saline extracts) from the 
suhoesophageal ganglion. 

Transport of neuro-hormones 

Perhaps the best example to illustrate the part played by the blood in the 
transport of neuro-hormones is the movement of ‘bursicon’, which is 
responsible for the process of cuticular tanning. This is a useful example 
because tanning can be readily seen and measured on an arbitrary scale 
and the movement of bursicon in the blood can be prevented experi- 
mentally by the application of ligatures. It will be of value if we digress here 
for a moment to refer to the information on tanning which has been 
obtained from studies on flies. 

The process of moulting in insects is controlled by the moulting hor- 
mone, eedyson, and from the time that this hormone was known to cause 
tanning in fly puparia it was assumed that the ta nnin g of cuticle, following 
a moult, was also caused by eedyson. In 1962, Fraenkel & Hsaio®®' proved 
conclusively that this was not so, and in their later work®®® they pinpointed 
the source of secretion of the tanning hormone in the fly to two areas, the 
neuro-secretory cells of the pars intercerebralis of the brain, and to the 
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compound thoracic ganglion. Release of the hormone in the newly 
emerged fly is brought about by nerve impulses reaching the brain by way 
of the central nervous system, and extracts from the brain and thoracic 
ganglion of flies, taken from puparia just before emergence, are capable 
of producing tanning. Extracts from flies one hour old are still active, but 
this activity is lost one day after emergence. 

Blood taken from flies 1 5 minutes after emergence can be diluted up to 
30 times with saline and still cause full tanning in ligatured insects. Even 
more surprisingly, the active factor is entirely unspecific; blood extracts 
from flies can cause tanning in Periplaneia and in the mealworm, Tenebrio, 
and vice versa. However, the blood of fully tanned insects does not contain 
the tanning hormone, suggesting that an inhibitory mechanism follows 
soon after tanning takes place. 

In the American Cockroach, the tanning hormone is released by the 
terimnal abdominal ganglion, and as in flies, the cockroach also appears 
to rely on the blood system for dispersion. When ligatures are tied at 
various positions on the cockroach immediately after ecdysis, cuticular 
darkening is always confined to the posterior regions.*®® Likewise if the 
newly moulted cockroach is frozen, then warmed, the posterior abdominal 
segments tan first and darkening extends anteriorly as the hormone 
diffuses through the thawing insect. 

When released from the terminal abdominal ganglion, the hormone is 
conveyed forward by the flow of blood through the heart and aorta. A 
ligature at the neck prevents the outflow of blood from the head and there- 
fore causes excessive tanning of the head scierites (Fig. 61a). Ligatures at 
the neck, between the thorax and abdomen, as well as between the in- 
dividual thoracic segments, show that only the mesothorax fails to tan 
(Fig. 6lb). This and other tests with ligatures (Fig. 61c and d) suggest that 
the mesothorax contains an inhibitory centre for the tanning hormone.*®* 
Mills*®* studied the rise and fall in the level of bursicon in the blood of 
the cockroach and measured its activity at various intervals after ecdysis. 
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R". 61. The degree of cuticuUr tanning obtained after placing ligatures 
between various body segments of P. americana, 2-15 minutes after 
moulting. Note the absence of tanning of the mesothorax in all instances 
(after Mills*”). 
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Small samples of blood (100 ^1) were removed by splitting the coxae and 
these were tested by two methods; one, on ligated insects, and two, by 
incubating the extracts with isolated sections of untanned cuticle. These 
experiments showed that bursicon is released into the blood within 20 
minutes of moulting and reaches a maximum after one and a half hours 
(Fig. 62); it remains high for another hour and then declines, although 
some tanning can still be produced by blood removed five hours after 
moulting. Even if the blood is diluted ten times, tanning, although much 
reduced, is still detectable. When, on the other hand, an excess of bursicon 
is incubated with isolated sections of cuticle, the cuticle fails to darken, 
suggesting the possibility of a mechanism in the intact insect for inacti- 
vating the hormone when its concentration reaches a certain level. 



Fig. 62. The concentration of hormone (bursicon) in the 
blood of nymphs of P. omericana after moulting, as measured 
by the degree of cuticular tanning (after Mills*”). 


THE RESPIRATORY SYSTEM 

The tracheae and finer tracheoles of the respiratory system of the cock- 
roach form a branched network of tubules lying within the haemocoele. 
They ramify throughout the fat body, penetrate the tissues of the body 
wall and viscera, and carry oxygen to all parts of the insect. 

The walls of the tracheae consist of an epithelium supporting a thin 
layer of cuticle thrown into folds. These cuticular folds give the tube a 
spiral lining which helps to keep the tube open. The tracheae are formed 
as invaginations of the integument and the linings of the larger tracheae 
are shed at each moult. The walls of the tracheoles are very thin and per- 
meable to ^vate^; in some insects the ends of the tracheoles contain fluid 
which moves up and down the tube in relation to the osmotic pressure of 
the haemolymph, but it is not known whether this is so in the cockroach. 

Air enters the tracheal system of the cockroach by way of ten pairs of 
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lateral spiracles (Fig. 63a) which have a closing device, so preventing 
undue loss of water; two pairs of spiracles are located in the thorax and 
eight in the abdomen. The first abdominal spiracle is more dorsal than 
the rest. 

The spiracles connect to three pairs of large, parallel, tracheal trunks 


Thoracic spiracles 

/\ . Abdominal spirades 



(a) 



Fig. 63. tracheal supply in B. germanica, (a) side view, (b) dorsal arrange- 
ment (mile); (c) ventral arrangement (female) (after Haber***). 
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linked by cross commissures. Rarely are the two sides of the tracheal 
system of the same individual exactly symmetrical and the extent of de- 
velopment in different parts of the body differs between individuals.*®^ 
The three pairs of longitudinal trunks lie laterally, dorsally and ventrally 
in the body; the dorsal trunks are on either side of the heart, and the 
ventral ones close to the abdominal nerve cord (Fig. 63b and c). Because 
the head is without spiracles, the tracheal supply to the anterior regions of 
the insect is provided by branches originating in the thorax. 

Gaseous exchange 

Air enters the spiracles by diffusion, assisted by mechanical ventilation 
brought about by contraction and relaxation of the abdominal muscles. 
Compression and expansion of these segments cause movements in the 
haemolymph which in turn influence the movement of air in the tracheal 
network. Oxygen reaches the tissues by diffusion through the walls of the 
tracheoles, and in the process of tissue respiration, carbon dioxide and 
water are produced. Carbon dioxide diffuses more readily than oxygen, 
and because of this it is thought to be eliminated through the linings of the 
tracheae and the integument. 

Effects of temperature and differences between species 
Experiments by Gunn*®’ on the rate of respiration of the Oriental Cock- 
roach show a four-fold increase in consumption of oxygen, between 20" 
and 36®C, resulting from increased activity of the insect as well as an in, 
crease in its metabolism (Fig. 64). The change in respiratory mechanism- 
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Rg. 64. The consumption of oxygen adult male B. orientahs in relation 

to temperature (after Gunn*®’)- 
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from diffusion regulation to ventilation regulation occurs at about 30°C. 
This same species can remain alive for a number of hours in the complete 
absence of oxygen and with all the spiracles blocked. On its release from 
an atmosphere of nitrogen, the Insect consumes an excess of oxygen equal 
to the amount from which it has been deprived. 

There are notable differences in the oxygen requirements ofB.germanica, 
B. orientalis and P. americana. The oxygen consumption of the German 
Cockroach at 30’C (24 mg/g/day) is almost twice that of P. americana. 
However, when account is taken of the differences between species, in the 
ratio of surface area to weight, the German Cockroach consumes less 
oxygen (M mg per cm* of cuticle per gram body weight) compared with 
1 -5 mg by B. orientalis and 1 ‘6 mg by P. americana (Table XXXI, p. 289). 

Tissue respiration 

The end use of oxygen passed to the tissues by the tracheoles, referred to as 
tissue respiration, is the oxidation of organic substrates, i.e. breakdown 
products of carbohydrates, fats and proteins carried to the cells by the 
haemolymph. This releases energy for flight, running and body metabol- 
ism, and produces carbon dioxide and water. The oxidation of organic 
materials requires that they arc first acted upon by an enzyme, dehydro- 
genase, and from then on the process involves a long and complex senes 
of steps requiring the presence of certain ‘carriers’ and additional enzymes 
depending on the type of substrate being oxidised. It is not proposed to 
discuss the complex biochemistry of biological oxidation, except to men- 
tion that the final step is referred to as the tricarboxylic acid (Kreb’s) 
cycle, details of which are given in most advanced text books on insect 
physiology. 

The entry of oxygen into, and the exit of carbon dioxide from tissues is 
referred to as oxidative metabolism. As the ratios of carbon, hydrogen and 
oxygen vary widely in the range of organic materials available for oxida- 
tion, the ratio of carbon dioxide released, to the amount of oxygen used, 
(the respiratory quotient), varies with the type of substrate acted upon. It 
is l-O for carbohydrates, 0-7 for fatty acids, and a value between these two 
for proteins. The tissues which have been used most extensively to study 
tissue respiration in insects are muscle and fat body. There is evidence to 
suggest that the release of energy through oxidation comes about by the 
same process in both. 

The tissue in insects which expends most energy in the performance of 
its activities is flight muscle. Because flight is rarely encountered in the 
Dlattaria, the tissue which consumes most energy in the cockroach is 
probably leg muscle; in P. americana there is a two-fold difference at 25"C 
between the uptake of oxygen by males (5 cu. mm per mg of muscle dry 
weight per hour) and females (2*6 cu. mm).*®® Not surprisingly the leg 
muscle of the male has a large quantity of substrate (glycogen) for oxida- 
tion (11-15 mg/g of fresh tissue), which Is six times higher than in females 
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(2‘l-2'4 mg/g). In contrast, the oxygen uptake by thoracic muscle of 
Leiicophaea maderae is the same for both sexes, 3*3 cu. mm/rag dry weight/ 
hour.-*'® 

The respiratory quotient of the leg muscle of the American Cockroach 
is close to unity; the uptake of oxygen by males and females is 5T and 
3'6cu.mm/mgdry weight of muscle/hour, respectively (equal to the oxygen 
uptake of pigeon breast muscle); 4*9 cu. mm and 3-6 cu. mm of carbon 
dioxide is produced by muscle tissue of male and female cockroaches, 
respectively. 

Respirator)' effects of hormones 

Because of the considerable interest shown during the last ten years in 
research into the effects of insect hormones, it is not surprising that studies 
have been made of the effects of ncuro-endocrine secretions on tissue 
respiration. It must be mentioned here, however, that the effects observed 
in different insects have been far from consistent. 

The early work of Samuels-®® showed a significant increase in the endo- 
genous consumption of oxygen in both sexes of L. maderae, two to three 
months after surgical removal of the corpora allata. This result suggested 
that allatectomy may lead to an increase, either (1) in the concentration of 
substrate (glucose and glycogen) In the tissue of the muscle, or (2) in the 
level of some oxidative enzymes. 

In one important regard the false ovoviviparous cockroach, Leucophaea 
maderae is more suitable than P. amerkana for studying the effects of the 
corpora allata on respiration, since in Leucophaea these glands vary in 
size, and thus in secretory activity, in relation to the maturation of eggs. 
This allows changes in oxygen consumption to be studied in relation to the 
reproductive cycle, and Sagesser*’® has found that the maximum oxygen 
consumption occurs during the phase of most rapid increase in volume of 
the gland (Fig. 65). The normal rhythm of the endocrine cycle can be 
changed by removing the ootheca from a pregnant female, when the 
corpora allata are stimulated into re-activity and oxygen consumption 
increases concurrently. Experiments in which active and inactive glands 
have been implanted into females, with the reproductive organs removed, 
confirm that active corpora allata stimulate respiratory metabolism, in- 
dependently of their effect on the development of oocytes, whilst inactive 
glands have no effect. 

Ralph & Matta*“ have investigated the effects of a number of compon- 
ents of the endocrine and neuro-endocrine complex on the respiratory 
behaviour of the thoracic muscles and abdominal fat body of cockroaches. 
These tissues were taken from normal cockroaches, to which extracts of 
the endocrine organs were added, and from insects operated upon for their 
removal. Results point to the conclusion that the sub-oesophageal ganglion 
is particularly influential in altering the activities of enzymes concerned in 
tissue oxidation, and that the neural connections (the nervi corporis allati 
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Fig. 65. Relationship between (a) the sire of the corpora allata of Leucopfuua 
madtrae during the first 18 weeks of adult life and ib) changes in oxygen con* 
sumption (after SIgesser***). 


— sec Fig. 70, p. 163) between the sub-oesophageal ganglion and the 
corpora allata arc of primary importance to the joint functioning of these 
two organs in regulating tissue respiration. There is reason to believe that 
the same applies to the hormonal control of egg production*'* and to 
locomotor activity.*'* 


THE EXCRETORY SYSTEM 

The produas of digestion conveyed by the haemolymph to the body 
tissues provide the in«t with materials for cell repair, growth and energy, 
mere, various chemical reactions take place and the haemolymph once 
more b«om^ concerned as a transport system in conveying the waste 
pr^ucts or these reactions to the excretory organs. 

^crclion IS a regulatory mechanism whereby the amounts of nitro- 
“'Is “n<l in the haemolymph are main- 
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mo 1 C pressure. The most important cnd.product of metabolism. 
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provided in excess by proteins in the food, is nilroren, and its remov-al, 
principally as uric acid, is the primary function of the insect cxcrctor\' 
system. 

sites in the cocVroach involved in excretory rcpulition: 
i ) the malpighian tubules (sec CHvaptcr 5). which in conjunction with the 
m -gut are responsible for the elimination of waste \ia the anus. (2) cer* 
am w s of the fat body which arc cap.iblc of Mockinp up* nitrogen in a 
process referred to as ‘storage excretion, (3) uricosc glands. spcci.il tubules 
dl^rtin males of certain species of cockroach, which 

and " ‘ih the spcrmatophorc during copulation, 

elirntn^A^^J^^- ^ '^i^ich waste materials may he deposited and thus 
is DrimartW mouliing. It is not possible to say which of these sites 
? for w-aslc regulation in the Blattaria, except to 
found In rn ^^alpighian tubules of the cockroach have not been 

regulation ’ ^ appear to take a major role in waste 
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Fig. 66. The effect of temperature on the rate of excretion (clearance 
of dye from the blood) in last stage nymphsof P. americana.a measured 
by the optical density of samples taken from cut antennae. Dye injected 
60 minutes before test (after Patton, Gardner fc Anderson'**)- 

excretion. When injected 24 hours before measuring the rate 
nation, the organochlorine compounds, hepiachlor and dieldnn 
and isodrin and endrin (fS^g) were found to inhibit excretion, the lat cr 
virtually stopping excretory activity completely.*'* 


Fat body and storage excretion 

If the dorsal sclerites of the cockroach are removed, one of * 

spicuous organs immediately apparent is the fat body, occupying a larg 
part of the body cavity, principally in the abdomen, but extending a 
between the muscles of the thorax (Fig. 67). This organ is seen as compa 
lobes, which on more detailed inspection are found to be surrounded y 
membrane of connective tissue. The fat body contains a number of dinere 
types of cells of which the more important are: trophocytes, mycetocy e , 
ocnocytes, and the urate cells. . . . 

The fat body cells proper, the trophocytes, which function as a ep 
for reserves of fat, glycogen (carbohydrate reserve) and protein, 
in size during development of the insect so that eventually they con 
some of the largest cells in the insect’s body. The size of the fat body a 
thus its content of reserves, notably of glycogen, varies with the 
nutrition and the stage in the developmental cycle. There is no doubt tnai 
cockroach to survive long periods without ^ 
attributed to this reserve; lipid in the fat bo y 
activhv ^ during starvation to sustain continuous mu 
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TldS disappears on storvation.-- . 
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Fig. 67. Dissection of a female American cockroach show* 
ing the mass of fat body surrounding the internal organs. 


cockroach and in many other insects the fat body is packed with intra- 
cellular bacteria (bacteroids) usually confined to certain cells, the myceto- 
cytes. These symbionts contribute to the synthesis of amino acids as 
illustrated by the studies of Henry & Block.“* When German Cockroaches 
are fed radioactive glucose and vitamins, the radioactive ‘label’ becomes 
combined into 14 amino acids, but when the symbionts are destroyed by 
aureomycin, six of the amino acids are lacking. 

Enzyme systems enable the fat body to manufacture complex materials 
from smaller molecules brought by the haemolymph, and with the con- 
tribution of the bacteroids, the fat body is capable of synthesising several 
vitamins (ascorbic, foVic and pantothenic acids).^^"* It provides a mechan- 
ism for regulating substances, such as glucose in the blood, after a meal of 
carbohydrate, by rapid conversion to glycogen. In addition certain cells, 
the oenocytes, are believed to be concerned in the production of Jipo- 
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protein, required for the formation of the new epicuticle at moulting (see 
Chapter 10). 

In addition to all these functions, this mass of white amorphous tissue 
is capable of taking up, producing and storing uric acid. The fat body of 
the cockroach contains urate cells, distinctln appearance from the ordinary 
cells of the fat body (Fig. 68), which originate in the embryo and accumu- 
late uric acid, apparently harmlessly, throughout the insect’s life. 

Nevertheless there is some evidence to suggest that the storage of waste 
materials in the fat body may involve the cockroach in difiiculties especially 
when the diet is high in protein. If the American Cockroach is given a low 
protein diet (less than 1 1 per cent), the fat body is almost absent. Develop- 
ment is normal on a diet of 22-24 per cent protein, but 79-91 per cent 
protein results in a greatly enlarged fat body, which completely fills the 
abdominal cavity;*'® white deposits of uric acid occur almost everywhere 
in the insect and its life span is reduced. When such insects are transferred 
to a normal diet, much of the accumulated uric acid disappears and there 
is a loss in body weight of up to 23 per cent. It appears likely that the fat 
body is the actual site of uric acid formation and the work of Keller*'® 
suggests that the intracellular symbionts of the cockroach are able to 
utilise the uric acid for remobilising the nitrogen locked up in it. More- 
over, if under conditions of poor nutrition the products formed by the 
breakdown of uric acid can be utilised, then ‘storage excretion’ in the fat 
body may be of considerable advantage to the cockroach. 



irift. 6S. Labe oC fit body ift Btatla orieniatjj, ^Viewing 
mycelocytcs, urate cells and fat storage cells (after Gicr”«). 


endocrine control of the fat body 

Urates appear in the fat body of P. americana as granular concretions of 
various sizes, closely packed together, and normally present in abundance. 
Removal of the endocrine glands, the corpora allata and cardiaca, causes 
the disappearance of almost all the urates throughout the fat body of the 
insect. If, ho\scver, only the corpora allala arc removed, large amounts of 
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urate remain in the fat body for at least six weeks. Thus, because urates 
are breakdown products of digested protein, there is evidence to suggest 
that protein metabolism, or perhaps the mobilisation of urates, is under 
hormonal control. 

This conclusion is supported by experiments in which corpora cardiaca 
have been re-transplanted into cockroaches. If this is done with insects 
from which both the corpora allata and cardiaca have previously been re- 
moved, urates become re-deposited. In certain experiments extreme star- 
vation of cockroaches from which both glands have been removed, can 
also result in recovery in deposition of urates.*"® 

Further evidence that the corpora cardiaca exercise control over the fat 
body is that allatectomy increases the amount of fat in the American Cock- 
roach from 63 per cent (dry weight) in normal insects, to 77 per cent in 
operated insects.®*® It is convenient here to refer to the more detailed 
work of Vroman et on the effect of allatectomy on lipids. These 
workers have shown that the corpora allala influence the utilisation of 
stored fat by increasing the amount of triglyceride, the major storage form 
of fatty acids. Like many recent biochemical investigations, this study in- 
volved the use of a radiotracer technique, in this instance the injection of 
'^C-labelled sodium acetate. It was introduced into allatectomised and 
normal cockroaches to provide a qualitative and quantitative estimate of 
the increase in, fat (Table XVIII). 

Table XVUI 

COMPOSITION OF COCKROACH LIPID WITH AND WITHOUT 
ALLATECTOMY 

(Data from Vroman, Kaplanis & Robbins*”) 


Lipid fraction 

Control 

1 Allatectomised 

% of total 
' Mglroach lipid 

^ Mglroach 

% of total 
lipid 

Triglyceride 

32*5 

52 

69-6 

68 

Phospholipid 

20 5 

32 

18-5 

18 

Hydrocarbon 

5-3 

8 

5-6 

5 

Other lipids 

4-5 

8 

93 

9 

Total 

1 62-8 

1030 



The normal cockroach lays down lipid in the oocytes as they mature 
but in allatectomised cockroaches, oocytes never mature and this results 
in a lower utilisation of triglyreride. Thus, in the American Cockroach the 
corpora allata regulate the turnover of lipid by controlUng one of the 
mechanisms responsible for its use. The accumulation of triglycerides in 
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the absence of hormonal regulation can be related to failure in the develop- 
ment of the ovaries where 70 per cent of lipid appears to be triglyceride. 

Storage and excretion of uric acid by the male accessory glands 
The accessory, or mushroom gland, of the male reproductive organs of the 
cockroach is responsible for the formation of the spermatophore. This 
gland consists of a number of blind tubules of which the longer ones, 
arising on the periphery of the gland, are referred to as the utricuU majores. 
They occur at the junction of the vasa deferentia and the ejaculatory duct 
(Fig. 82, p. 187). In 1964, Roth & Dateo*” identified uric acid in the 
iilriculi majores of the accessory glands of B. germanica, and subsequently 
they examined these glands in 40 species of cockroach.”* The presence of 
uric acid was detected by chiomatography, and the amount present 
estimated by spectrophotometry- Of the 40 species examined, uric acid was 
found in the glands of eight species only, including B. germanica and B. 
vaga, but excluding all other common species. Uricose glands are^ not 
found in males of other orthopteroid insects (Mantidae, Phasmidae, 
Acarididae, Gryllidae and Tettigoniidac).*** 

Uric acid is restricted to the uiriculi majores, and when present causes 
the tubules to become greatly enlarged. The amount of acid which ac- 
cumulates in the glands varies considerably {lJ-47 mg/g live weight in four 
species) and is influenced largely by frequency of mating, since during 
mating these glands are almost emptied.*** In one species {Onychostylus 
noiulatus) the male is said to pass so much uric acid during copulation 
that the female’s genital segments gape open and cannot be closed because 
of it. 

Earlier work by Khalifa”* indicated that the secretion of the tilricuU 
majores of the German Cockroach passes into the spermatophore during 
its formation. Analysis of spermatophores by Roth & Dateo showed that 
uric acid docs indeed occur on the outside of the sperm capsule, but none 
can be detected within it. They conclude that ‘the ulricuii majores may be 
considered as storage excretory organs of uric acid between matings and 
as active excretory organs during copulation when the waste product is 
poured over the spermatophore. Since males can eliminate the uric acid 
by way of the ulricuii majores it would appear that this is a more eflective 
excretory device than fat body storage and that mating may be an important 
excretory function of the mate’. Referring to the findings of Haydak,*’* 
mentioned on p. 156, that a very high protein intake and a consequent 
high urate content of fat body can reduce longevity, Roth & Dateo*** raise 
the interesting questions, (a) whether excessive accumulation of uric acid 
in the ulriaili majores is harmful when males arc prevented from mating, 
and (b) which of the two methods of excretion is more important, fat body 
storage or elimination by way of copulation? These questions have still 
to be answered. Whether or not the presence of uric acid around the sper- 
matophorc scr\cs any protective function is not known. Roth*** suggests 
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that uric acid, when poured over the spermatophore, may have some 
evolutionary significance in protecting the spermatophore from being 
eaten by the female cockroach or by other insects. 

Deposition of waste products in the cuticle 

With the shedding of the cuticle at each moult there is good reason to 
believe that the exo- and epicuticle of insects might provide them with a 
relatively efficient method of disposing of unwanted metabolic products 
at regular intervals. Reference has already been made in Chapter 4 to 
the considerable changes which occur in the composition of the cockroach 
cuticle, between its soft, newly formed condition, and during the process 
of hardening. The epicuticle of last stage nymphs of P. americana contains 
70 per cent protein compared with just over 50 per cent in the whole of the 
cuticle of the newly moulted adult, and it seems possible that the loss of 
this nitrogenous component by way of the exuvium could provide yet an 
additional means of excretory regulation. 

In this chapter we have considered the systems of blood circulation, 
respiration and excretion in the cockroach, more or less as separate 
entities. In the living insect there is clearly an interplay of function between 
these three systems, as there is also with the gut, nervous and reproductive 
systems, discussed In other chapters. In this regard, one should recognise 
the haemolymph as the ‘universal’ transport system for all materials out- 
side the gut, nervous and reproductive tissues; it is the medium for the 
transport of digestive products, regulatory substances, dissolved carbon 
dioxide, urates, salts and of cells with a multiplicity of function. It in- 
fluences the movement of air in the tracheoles and contains the major 
proportions of the insect’s body water. Maintenance of its chemical com- 
position is essential for the normal functioning of all the organs and tissues 
that are bathed in it. 

Little has been said here of the biochemical processes involved in blood 
circulation, respiration and excretion. The advanced student interested in 
the processes of osmotic and ionic regulation of the haemolymph should 
refer to the review by Shaw & Stobbart.“’ The biochemistry of tissue 
respiration and energy metabolism is the subject of a book, ‘The Metabol- 
ism of Insects’,**® by Gilmour and the biochemistry of the insect fat body 
has been reviewed by Kilby.**® 



THE NERVOUS SYSTEM AND ENDOCRINE 
ACTIVITY 


Units of nerve tissue— The central nervous system: the brain; the ganglia— The sympa- 
thetic nervous system: the stomatogastric system; functions of the stomatogastric 
system— Conduction of nerve impulses; neuronal pathways; reflexes; endogenous 
nerve activity; inhibiting centres; neuro-hormones and nerve activity — Nerve toxins — 
Supply of nutrients to the nervous system. 


This chapter is concerned with the means by which external stimuli, 
perceived by sense organs on the cuticle (Chapter 4), cause the cockroach 
to avoid unfavourable situations in its environment and react positively 
towards favourable conditions. It is also concerned with the means by 
which the various body functions of the cockroach are maintained. Two 
processes are involved; first electrical conduction, in the form of nerve 
impulses which cause the cockroach to run when disturbed, take food to 
its liking or display sexual behaviour in the presence of a mate; second, 
chemical conduction of physiologically active compounds, neuro-hormo- 
nes or endocrine secretions, carried principally in the haemolymph and 
responsible for the internal co-ordination of organ function and activity 
cycles. 

Because the cockroach is a relatively unspecialiscd insect its nervous 
system conforms with the generalised pattern of a typical insect. When we 
use the term ‘nervous system’ it should be recognised that three systems 
are in fact involved, each serving different parts of the insect body (Fig, 
69). The most obvious of these, seen on dissection of the cockroach, is the 
central nervous system (the somatic system of Willey***), which consists of 
the brain, the ventral nerve cord and its ganglia (Fig. 45), The others are 
the peripheral and the sympathetic (or visceral) nervous systems. Some 
have suggested the existence of a fourth, 'autonomic nervous system’ 
which is self-regulatory and independent of the others, but at present 
there is little evidence for its existence. Of the three systems, only the 
central and sympathetic nervous systems will be considered in detail. First, 
however, we shall examine the composition of nervous tissue. 

Units of nerve tissue 

The smallest unit of the nervous system is the neurone, a nerve cell body 
with short fibrils, or dendrites, which receive nerve impulses, and a long 
filament, or axon, which transmits impulses away from the nerve cell. The 
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intimate association of the brattchcd ends of the axon of one neurone, 
with the dendrites of another, is called a synapse. 

The majority of neurones are massed together to form the segmental 
ganglia of the central nervous system. Their axons constitute the nerves 
which arise from the ganglia, and the connectives which link the ganglia 
together. Other neurones are located in the integument and in the tissues 
of various organs. 

These nerve cells, or neurones, arc of three types: first, the sensory or 
afferent neurones, which convey impulses away from the sensory areas, 
(c.g. receptors in the cuticle), and have their cell bodies close to the area 
where impulses arise. Sensory neurones are associated with the hypo- 
dermis, and comprise the peripheral nervous system. The axons of sensory 
neurones connect to the ganglia of the central nervous system. Sensory 
neurones are also associated with the muscular wall of the alimentary 
canal and other body organs, and form part of the sympathetic nervous 
system. 

The second type of neurone is the motor or efferent neurone which con- 
veys impulses away from the central nerve cord. Impulses conveyed by 
motor neurones to the muscles of the leg, for instance, result in the insect 
reacting to a stimulus. The cells bodies of these neurones are located 
In the ganglia and connect to the iimer mass of nerve tissue in the ventral 
cord, the neuropile. Axons of both afferent and efferent neurones are 
present within a given nerve so that it has both sensory and motor 
functions. 

The third type of nerve cell is the association neurone. These are inter- 
mediate in position between the afferent and efferent neurones and link 
the sensory and motor impulses within the nervous system. Association 
neurones are situated in the lateral areas of the ganglia and comprise large 
areas of the brain. 

The central nenous system 

In all insects, the greatest proportion of nerve tissue combines to form the 
central nervous system. TTiis, as we have seen, consists of the brain, the 
ventral nerve cord and ganglia, as well as the nerves which arise from the 
ganglia. The brain (sometimes called the supraoesophageal ganglion) lies 
iw the head above the oesophagyis. In the eoclftioach, the ventral nerve 
cord is composed of ten ganglia linked by paired connectives; one ganglion 
lies in the head below the oesophagus (the subocsophageal ganglion), 
three are located in the thorax, which are large and conspicuous, and six 
in the abdomen of which the terminal one is larger than the preceding five. 
The paired connectives which link the brain to the suboesophagea! 
ganglion are called the circumocsophageal commissures. 

The brain 

The brain (Rg. 70) comprises three fused ganglia of the head and is 
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divided into three regions, of which the most dorsal is the protocerebrum, 
representing the fused ganglia of the optic segment. The protocerebrum 
is divided into two protocerebral hemispheres, each with a lateral optic 
lobe, connected by retinal fibres from the eyes. The second region, the 
deutocerebrum, lies ventral to the protocerebrum and represents the fused 
ganglia of the antennal segment. It consists of a pair of antennary lobes 
each with a nerve to the antenna. These, in common with other nerves con- 
tain both afferent and efferent neurones and therefore receive impulses 
from the antennae as well as supplying motor impulses for their move- 
ment. The third, most ventral and smallest part of the brain is the trito- 
cerebrum. This is formed from the ganglia of the third segment of the head 
and lies lateral to the gut. It supplies nerves to the frons and the labrum 
and provides the origin of the circum-oesophageal commissures to the sub- 
oesophageal ganglion. 

For a detailed account of the anatomy of the brain the reader should 
consult the work of Willey*'^* on Periplaneta americana and of Willey & 
Chapman*®® on Blaberus craniifer. The brain together with the suboesopha- 
geal ganglion have both nervous and neuro-endocrine functions. 



Fig. 70. Diagrammatic representation of the brain and suboesophagea! ganglion (of the 
central nervous system) and the anterior part of the stomatogastric nervous system in re- 
lation to the gut and aorta. (From left hand side). Nerves 1, 11 and III (the neni corporis 
eardiaci) connect the corpora cardiaca to the brain. Nerves IV and V (the nervi corporis 
allati) connect the corpora allata to the corpora cardiaca and to the sub-oesophageal 
ganglion, respectively (modified from Wiley***). 
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The ganglia 

The ganglia of the remaining three segments of the head are fused to form 
the suboesophageal ganglion, which is posterior to the brain and, as its 
name implies, lies below the oesophagus. Three main pairs of nerves arise 
from this ganglion, to the mandibles, maxillae and to the labium. 

The three thoracic ganglia are prominent and well-spaced, one in each 
thoracic segment. The first, or prothoracic ganglion, is joined to the sub- 
oesophageal ganglion by a pair of connectives in the same way that the 
remaining thoracic and abdominal ganglia are linked to form a chain on 
the ventral body wall. Nerves from the thoracic ganglia innervate the 
muscles of the thorax, notably those of the wings and legs. 

There are six ganglia in the abdomen which are much smaller than those 
of the thorax, except the terminal one. A pair of nerves arise on each side 
of the first five abdominal ganglia to supply the dorsal and ventral muscles 
of the body wall; they also innervate the spiracles and the dorsal heart as 
part of the sympathetic nervous system. TTie terminal ganglion is notice- 
ably larger than the rest because it comprises the fused nerve tissue of a 
number of terminal segments. It supplies nerves to the muscles of the last 
three abdominal segments, to the reproductive organs, copulatory append- 
ages and to the cerci, as the ‘caudal’ part of the sympathetic nervous 
system. 

A section through one of the ganglia shows the cell bodies of the motor 
and association neurones in the outer areas, supported by non-nervous 
tissue, the neuroglia, within which there is a central area, the neuropile, 
consisting mainly of nerve fibres. The whole is surrounded by a protective 
sheath, the neural lamella. A section through the connectives of the nerve 
cord shows that each contains two or three giant fibres, about 40-45/1 in 
diameter, four or five of 20-40/* and a group of six or eight of lO-20/i. 
Collectively, these giant fibres are readily distinguished from the mass of 
smaller and more numerous sensory fibres, and pass forwards from the last 
abdominal ganglion reducing in diameter towards the head. There appears 
to be no synaptic interruption in the giant fibres between the last abdominal 
ganglion and the raetathoracic ganglion but there are synapses in each of 
the thoracic ganglia, where most of the fibres terminate in association 
with motor neurones. 

The sympathetic or visceral nervous system 

This system exhibits both nervous and endocrine (hormonal) activity and 
is also composed of sensory, motor and association neurones. It consists of 
three parts: first, the stomatogastric system (or stomodeal system of 
Willey***) which comprises the ganglia and nerves serving the anterior part 
of the gut; secondly, nerves which arise from the ventral nerve cord, inner- 
vate and interconnect the spiracles (spiracular system); thirdly, the caudal 
system (or proctodeal system of Willey***) which consists of nerves arising 
from the terminal abdominal ganglion to serve the posterior part of the gut. 
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reproductive organs and anal appendages, Willey has given a detailed 
account of the gross anatomy of the stomatogastric system inP. americana, 
Blaberiis craniifer and Blaberiis giganleiis. The summarised account given 
here applies to P. americana. 



Fig. 71. The stomodeal nervous system (dorsal view) of Periphneta americana. The 
fore-gut is in dotted lines (after Willey***). 

The stomatogastric system 

The stomatogastric system (Fig. 71) consists of four ganglia and the retro- 
cerebral complex. The frontal ganglion lies anterior to the brain just above 
the pharynx; small nerves pass forwards from this ganglion to innervate 
the pharynx, the clypeus and the muscles of the labrum. The frontal 
ganglion is linked with the protocerebrum of the brain by a thin median 
nerve (the nervus connectivity and is also linked to each lobe of the trito- 
cerebrum by a pair of thick nerves (the frontal connectives). An unpaired 
nerve, the recurrent nerve, passes backwards from the frontal ganglion 
along the dorsal surface of the pharynx, beneath the brain, to form the 
second ganglion. This is the diffuse, hypocerebral ganglion from which 
arises, posteriorly, the single oesophageal nerve with smaller lateral nerves 
to the salivary glands and ducts. The oesophageal nerve forks about half 
way along the crop at the third ganglion (the ingluvial ganglion), where the 
branches continue posteriorly, one dorsal and the other ventral to the crop, 
to terminate in the fourth paired ganglia on the surface of the proventri- 
culus. 
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By far the greater part of the stomatogastric system consists of the 
‘retrocerebral complex’ (Fig. 72), which is made up of the paired corpora 
cardiaca and corpora allata, and related connectives. Willey has observed 
that the corpora cardiaca contain nerve cell bodies, but the corpora allata 
are glands of non*nervous origin. 

The corpora cardiaca are connected ventrally by three pairs of short 
nerves to the hypocerebral ganglion; three pairs of nerves (the nervi 
corporis cardiaci) connect the copora cardiaca to the posterior surface of 
the brain, in an area of dense neurones known as the pars intercerebralis. 
The paired corpora cardiaca are joined by a well-developed ‘bridge’ of 
nerve tissue (the commissurus corporis cardiaci) which also forms the ven- 
tral and lateral walls of the aorta. 

The paired corpora allata are attached as two lobes to the posterior ends 
of the corpora cardiaca (by the nervi corporis altali) and are also joined 
across the mid-line (by the commissurus corporis allati). In addition, each 
corpus allatum is connected by a long slender nerve to the suboesophageal 
ganglion. From studies on Leucophaea maderae, Engelmann®'* has sug- 
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gested that this nerve conducts inhibitory impulses from the suboesopha- 
geal ganglion to the corpora allata. 

Functions of the stomatogastric system 

The primary function of the stomatogastric system is to innervate the fore- 
gut. The corpora cardiaca have two known functions: the storage and 
release of secretory products of the brain, and the production of their own 
secretory substances. A multiplicity of function has been attributed to 
these secretions in different species of insects. The corpora allata have also 
had many functions attributed to them, including the production of the 
juvenile hormone which maintains the immature characteristics of the 
growing insect and the production of the gonadotrophic hormone which 
influences the development of oocytes. 

A great many studies have been undertaken to determine the functions 
of the corpora cardiaca and corpora allata of cockroaches. Extracts of the 
corpus cardiacum have been shown to increase the frequency and ampli- 
tude of the heart beat of P. americana^*^’^^'’ (Chapter 6). They also in- 
crease the rate of peristalsis of the hind-gut, but inhibit peristalsis of the 
fore-gut.*^^® The corpus allatum controls the production of a volatile sex 
attractant in Byrsotria fumigata^^ as well as promoting the maturation of 
oocytes and the production of accessory gland secretion (Chapter 9). 
Removal of the corpora allata and cardiaca from P. americana causes the 
disappearance of urates from the cells of the fat body, which reappear when 
the glands are re-transplanted.**® In addition, the corpora allata of the 
American Cockroach influence the synthesis and turnover of lipids in the 
body**^ (Chapter 6). 

Severance of the recurrent nerve in Leucopbaea maderae causes the 
development of tumours in the anterior part of the mid-gut,**® but this 
does not occur in P. americanaP^ Tumours can also be induced in the 
mid-gut of American Cockroaches by implanting fresh oesophageal 
ganglia.*** The ability of the corpora allata to bring about normal ovarian 
development in Leucopbaea occurs only when the nerve connecting them 
with the suboesophageal ganglion remains intact.*** 

The suboesophageal ganglion and other parts of the central nervous 
system are also directly or indirectly responsible for regulating a number of 
body functions. The suboesophageal ganglion appears to be a primary 
source of a hormone which stimulates respiration;*** it also plays a major 
role in the control of circadian rhythms*** (Chapter 11). The brain of P. 
americana initiates the release of a hormone, bursicon, from the last 
abdominal ganglion, prior to moulting, which is responsible for cuticular 
tanning. 

These and many other endocrine functions of the central and sympathetic 
nervous systems are discussed in greater detail in the chapters dealing with 
the physiology of the various organs. 
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Conduction of nerve impulses 

Three types of nerve activity can be distinguished in the cockroach: first, 
impulses which pass to the ventral nerve cord, to the thoracic ganglia, and 
sometimes to the brain, which result in stimulation of a motor fibre at some 
point distant from the sensory, input; secondly, conduction referred to as 
the ‘reflex arc’, usually involving the sensory and motor fibres of one 
ganglion only, but perhaps also those in front and behind; thirdly, endo- 
genous or spontaneous activity, which is normally suppressed by the 
suboesophageal and the thoracic ganglia. 

The phenomena of excitation and conduction of impulses in nerves has 
been studied by causing artificial stimuli in motor nerves supplying muscles. 
The excitation of a muscle through its nerve involves three stages; first, 
excitation of the nerve, i.e. the initiation of some local change at the point 
of application of the stimulus, second, conduction in the nerve, i.e. the 
propagation of an electrical disturbance along the nerve fibre, and third, 
reaction, i.e. the production of some change at the junction between the 
nerve and a muscle. 

Present evidence suggests that electrical discharges do not cross the 
synapse between adjacent neurones. The transmission of an electrical 
disturbance across a synapse is probably brought about by the liberation of 
a chemical substance, possibly acetylcholine, which sets off a new electrical 
disturbance in a succeeding neurone. The importance of acetylcholine in 
the conduction of nerve impulses will be better appreciated when we come, 
in Volume 11, to consider the available evidence to explain the poisoning 
of cockroaches by certain groups of insecticides. 

Neuronal pathways 

The conduction of nerve impulses along a nerve can be recorded on an 
oscilloscope, the strength of the wave varying with the strength of the 
stimulus. Variations in the frequency of the electrical discharge cause 
muscle tissue to contract and relax. 

Many of the experiments to obtain an understanding of nerve conduction 
in the cockroach have involved recording impulses at different points 
along the ventral nerve cord. Most frequently studied, have been the im- 
pulses which arise after thecerci arc stimulated by a puff of air or by sound. 
M5-837 Each cercus (Fig. 44, p. 115) bears many hundreds of receptors, 
slender, chitinous hairs, about 0*5 mm long and 0 005 mm in diameter, 
articulated with the exoskeleton and innervated by a single afferent fibre. 
Air movements within a foot of the cerci result in bursts of electrical 
activity in the central nervous system. 

The last (sixth) abdominal ganglion contains synapses between sensory 
fibres from the cerci and the large motor fibres of the nerve cord. There 
arc also through’ fibres which transmit stimuli from the cerci, forward 
along the nerve cord without synapsing in the terminal ganglion (Fig. 73). 
Stimulation of the cercus produces, first, a small response, probably con- 
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veyed by the ‘through’ fibres, as well as a much greater response, of large 
spike potentials, transmitted by the giant fibres.*’® 



c * 4 otertrodes to detect impulses in the nerve 

cnM workers’®^ have studied transmission across the 

cord, Roeder i„ ,he last abdominal ganglion. These 

synaptic origins of 40O stimuli per second svith a delay 

synapses conduct synchronously ^ t 

FrTquTnVuSJve SOT cycles per second, the more asynchronous the respon- 

ofToFomotion "analysis of cine film suggests that all the legs are excited 
eouallv =»« Once the muscles have become excited, rhythmic movements of 
the le J persist because of the feed-back to the thoracic ganglia of local 
reflexes (Fig. 74). 
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FJg. 74. Flow diagram showing the sequence of events leading to the 
evasion response in the cockroach. 

Some of the impulses in the nerve cord are, however, passed to the brain, 
but because the brain is lacking in motor neurones it is not in direct con- 
trol of body appendages. Its main function is 1o receive information, co- 
ordinate and regulate body activity by means ofits great mass of association 
neurones. There is some evidence of descending nerve pathways from the 
head of the cockroach to the thoracic ganglia which may have an in- 
hibitory rather than excitatory function. In contrast to the regulatory func- 
tion of the brain, the suboesophageal ganglion directly controls feeding, 
influences locomotion, and has endocrine control over various body 
functions. 

Reflexes 

The type of stimulus/rcsponse mechanism outlined above illustrates the 
way in which nerve reflexes, initiated by proprioceptors on the legs 
(Chapter 4) play a part in cockroach locomotion. The reflex arc is per- 
haps the most primitive connection between neurones, and in its simplest 
form consists of the passage of impulses between a sensory and motor 
neurone within the ganglion of one segment. Hughes*” has commented, 
however, that at the present time there Is no information concerning the 
mechanism of transmission within the ganglion during these reflexes, and 
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it is not known how many synapses may be involved. He says that ‘in 
addition to evidence for purely segmental reflexes, there is a growing body 
of knowledge which emphasises the importance of intersegmental rela- 
tionships between ganglia. It has been shown, for example, that sensory 
neurones entering an abdominal ganglion may ascend to at least the next 
anterior ganglion and in some cases such fibres also have connections in 
the ganglion they enter and in the one posterior to it’. In the cockroach, 
axons of motor fibres are also known to descend from one ganglion to the 
one behind, before emerging in a segmental nerve (Fig. 75). 



Fig, 75. Diagrams to illustrate the paths of reflexes in the ventral 
nerve cord. Dished lines show sensory fibres; continuous lines indicate 
motor fibres; dotted lines indicate synapses, ta) Reflexes involving 
single segmented ganglia, (b) the sensory axon branches to ascend and 
descend the nerve cord to synaptic regions in three successive ganglia, 
(c) the sensory axon ascends the nerve cord and the motor neurone 
with which it synapses descends before leaving in the same segment 
as the sensory fibre entered (after Hughes***). 


Endogenous or spontaneous nerve activity 

Most studies to investigate the physiology of the insect nervous system 
have involved an examination of stimulus/response relations. Roeder et 
suggest, however, that the assumption that the insect is a stimulus/ 
response system ignores the possibility that endogenous nervous activity 
may be responsible for certain behaviour patterns. They cite the example 
that if a male mantis is decapitated, it continues to make co-ordinated 
movements of the legs, abdomen and phallomeres for many days, which 
can lead to effective copulation if the male encounters a female. 

To examine the existence of endogenous or spontaneous nerve activity 
in the cockroach, Roeder and co-workers used electrical detection equip- 
ment on insects in which all sensory connections were eliminated. Male P. 
americatta were pinned to restrain them and the abdominal ganglia and 
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nerves exposed and immersed in saline. Elimination of sensory input to 
the last abdominal ganglion was achieved by cutting all the nerves arising 
from it except the motor nerves serving segments nine and ten. Hooked 
silver electrodes were placed under these nerves and changes in electrical 
discharge observed. 

When the nerves to the cerci were cut a small but consistent increase in 
discharge was obtained in the dorsal branch of the tenth nerve (Fig. 76a), 
but complete neural isolation of the last abdominal segments, by cutting 
the abdominal connectives joining the terminal ganglion to the rest of the 
nerve cord, resulted in a marked and sustained increase in motor activity 
(Fig. 76b). This increase usually occurred within five minutes after cutting 
the nerve cord and spontaneous activity usually reached its peak in a 



Fig. 76. Oscilloscope traces of wrvc impulses in male P. amerlcana. (a) motor 
impulses in the nerves to abdominal segment IX (upper trace) and the phallic 
branch of X (lower trace) with the abdominal connectives of the nerve cord 
intact; (b) endogenous nerve activity in the form of spikes in the phallic nerve, 
tour mi^tes after cutting the nerve cord. No increase in impulses has occurred 
m the IXth new at this stage, (c) the same, 10 minutes after cutting the nerve 
cord Rowing increased endogenous activity in the IXth nerve (after Roedcr 
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further ten minutes, continuing in most preparations for several hours 
(Fig. 76c). Cutting of only one of the paired abdominal connectives usually 
caused an increase in efferent activity in nerves on both sides of the 
ganglion. These bursts of motor impulses produce an ordered pattern of 
movement of the phallomeres, similar to those which occur during 
copulation. 

Inhibiting centres 

Studies to locate the centres in the intact insect which inhibit endogenous 
nerve activity show that removal of the compound eyes, ocelli and 
antennae of the cockroach causes no permanent increase in the output of 
motor impulses from the abdominal ganglion. Removal of the brain 
results in only a slight increase in electrical activity, but decapitation, or 
cutting of the nerve cord connectives in the neck, produces a more pro- 
nounced increase, similar to that obtained by cutting the abdominal nerve 
cord. It would appear, therefore, that the suboesophageal ganglion is the 
main source of inhibition of spontaneous nerve activity, although Roeder 
et found that in some instances, cutting the abdominal nerve cord, 
subsequent to decapitation, brought about a small additional increase. 
This suggests that the thoracic ganglia may also contribute in small 
measure to the suppression of efferent activity. 

Neuro-hormones and none activity 

Because of the long delay between removal of the inhibiting centre (caused 
by cutting the nerve cord) and the onset of spontaneous motor activity 
from the last abdominal ganglion, Roeder has suggested that inhibition of 
spontaneous nerve activity in the cockroach is exerted by agents other than 
nerve impulses, and that neuro-hormones may be involved. 

Indeed, the later work of Milbum & Roeder,^” has shown that extracts 
of corpora cardiaca applied to the uninjured nerve cord can produce 
phallic nerve activity similar to that released by decapitation. Moreover, 
the more recent studies of Strejekova and colleagues,*^* have shown that 
extracts from both the brain and corpora cardiaca cause a temporary in- 
crease in the amplitude of spontaneous nerve activity when applied to the 
suboesophageal and first thoracic ganglia. The effects of these neuro- 
hormones on the suboesophageal ganglion depends on their concentration 
and on the ratio of concentrations one to the other. Their effects when 
applied separately to the prothoracic ganglion are quite different: the extract 
from the corpora cardiaca induces a rhythmic activity with spikes of high 
amplitude, whereas that from the brain has no excitatory effect unless the 
ganglion is first showing spontaneous activity. 

Nerve toxins 

It is not intended to give here an account of the physiology involved in the 
poisoning of cockroaches by insectiddes (see Vol. II), but as an example 
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of toxins which tan be produced by the insect itself, mention, must be 
made of the action of DDT. 

When a cockroach is poisoned by DDT, paralysis and death are pre- 
ceded by a period of stimulated nervous activity causing excitable be- 
haviour, It has been suggested that the quantity of DDT required to bring 
about this modification in behaviour is so small as to indicate that DDT 
causes the insect to manufacture toxins, and it is these which are the 
eventual cause of death. Support for this suggestion is given by the work 
of Kearns**^ which has shown that DDT poisoned cockroaches contain in 
their blood a material, which is not DDT, but which on injection into 
normal cockroaches can be lethal. Bcamenl*^' has attempted to reproduce 
this condition without the aid of DDT. He produced a situation whereby 
cockroaches were induced to struggle; the movement of nymphs of P. 
americana was restrained by confining them for three to four days on wax 
blocks, a treatment which had no adverse effects on respiration or blood 
circulation. After the cockroaches were released, they failed to recover their 
normal movements; they became incapable of righting themselves and 
were unable to walk in a co-ordinated fashion. Some survived in this slate 
of partial paralysis for several days. The tests showed that the chance of 
paralysis occurring was more likely the more the insect was impeded and 
the greater it struggled : it occurred more readily when all the legs were 
fixed than when they were not. A similar state of paralysis can be induced, 
In a shorter time, by direct stimulation of the insect by mechanical or 
electrical means. 

These experiments suggest that hyperactivity of the cockroach promotes 
the production of a nerve toxin which can lead to paralysis and the condi- 
tion usually referred to in insecticide studies as ‘knockdown’. Beament 
concludes that ‘hyper-stimulation of the nervous system regardless of 
whether it is produced by chemical stimulation, mechanical or electrical 
stimulation of the animal, or self-promoted activity through imprison- 
ment, can all give rise to autocalaljrtic metabolites which cause paralysis 
and death’. 

Supply of nutrients to the ner>ous system 

One of the problems which has confronted physiologists concerned with 
the insect nervous system Is the means by which it is supplied with nutri- 
ents. Mwt organs and tissues of insects are composed of single layers of 
cells which can be readily supplied with nutrients by the blood; the con- 
nective tissue surrounding them is suflicicntly thin to allow nutrients to 
penetrate easily. The ganglia, however, are covered by a tough fibrous 
sheath, penetrated by tracheoles supplying oxygen, but there is no provi- 
circulation of haemolymph. This problem, as posed by 
\Vigglcsworth,*‘Med him to surmise that nutrients must also enter the 
ganglia by diffusion if they are to reach the neurones within. 

A detailed study of the structure of a nerve ganglion (Fig. 77) shows that 
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beneath the outer sheath (the neural lamella) and the perineurium cells 
within, there is a matrix of glial cells which are penetrated by tracheoles. 
The glial layer is heavily vacuolated (the glial lacunae) which Wiggles- 
worth suggests may serve as a pool into which nutrients are discharged, 
and from which they can be drawn by those cells — the nerve cells and their 
axons — which require them. The nerve cells are deeply penetrated by the 
glial cytoplasm and this appears to be the mechanism by which the glial 
cells provide nerve cells with nutrients. 



Fis. 77. Sections through the terminal fansslion of the cockroach: (a) horizontal section 
of the anterior end just above the connectives; cockroach starv’cd for three weeks The 
section has been stained to show the traces of glycogen in the perineurium: (b) the same 
in a starved cockroach three hours after feeding on honey. Much glycogen appears in 
the perineurium and traces in the glial cells; (c) the same but the ganglion is sectioned 
at the posterior end to show glycogen in the nerve cells and glial cytoplasm; (d) a ner\’e 
celt surrounded by glial cytoplasm stained to show fat droplets in the glia and in the 
invaginations at the base of the axon (after Wigglesv.’orth***). 

This conclusion was reached after injecting ganglia with dyes, and study- 
ing the movement of carbohydrate and fat in the nerve cord of fed, and 
starved, cockroaches. Contrary to previous views, the injection of dyes 
shows that the neural lamella is freely permeable to quite large molecules, 
but the underlying perineurium resists the entry of substances into the glial 
cells beneath. Staining techiuques show that in cockroaches that are well- 
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fed, glycogen is abundant in the perineurium cells but only traces c 
the glial cells (Fig. 77b). No visible deposits of fat occur in the perint 
but the underlying glial cells contain numerous small droplets. The 
in starved cockroaches is quite different. If the cockroach is witho 
for three to four weeks, glycogen practically disappears from the § 
It is, however, quickly restored to the perineurium, the glial cells { 
nerve cells, three to six hours after a meal of honey. 

This demonstrates that the various cell layers of the ganglion 
major part in regulating the penetration of nutrients; the perinem 
responsible for storing glycogen, and the glial cells for transferrin 
glycogen and fat to the nerve cells by way of their thin cytoplasf 
vaginations into the nerve cells (Fig. 77c). These reserves, partis 
glycogen, become concentrated in the nerve cell at the base of the 
(Fig. 77d). 

Support to this conclusion has been given by studies using radic 
glucose,*” which becomes rapidly converted to trehalose in the h. 
lymph. Both glucose and trehalose penetrate the nerve cord but the si 
glucose molecules penetrate about two and a half times faster tha 
larger trehalose molecules (Fig. 78). About half the radioactivity i 
nerve cord appears as glutamic acid and glutamine, indicating that s 
reactive amino acid is important in the metabolism of the central ne: 
system and that there is a linkage of carbohydrate and amino acid met 
ism in the nervous system of the cockroach. 
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This chapter has done little more than outline the structure and func- 
tions of the various parts of the cockroach nervous system; it may be 
adequate as a general introduction for the student of biology, but for those 
requiring more detailed information, reference should be made to the 
collection of papers, ‘The Physiology of the Insect Central Nervous 
System’ edited by Treherne & Beament.**’ These papers reveal the rapid 
increase in knowledge obtained from studies in insect neurophysiology in 
recent years, due to the variety of laboratory techniques which have be- 
come available. But as Hughes*’® has rightly commented ‘despite a long 
history of histological work, there is still a surprising lack of information 
about the functional anatomy of insect neurones and there is a danger that 
advances in this whole field may be held up because of insufficient know- 
ledge about neuronal architecture’. 
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THE FACTORS INVOLVED IN MATING 


Sex attractants: the volatile attractant of P.anuricanai endocrine control of the female 
MX attractant; reaction of male P. americona; sexual behaviour of B. germanica — 
Modifications of the terminal abdominal segments: externa! genitalia of the male; 
external genitalia of the female 

Copulatory behaviour: use of the genitalia in copulation; the period in copulation; 

mating in other species; factors affecting receptivity of the female 
Internal reproductive organs of the male: sperm formation; formation and structure of 
the spermatophore; insemination. 


In any large laboratory culture of cockroaches, a number of pairs may be 
seen in copulation, occasionally the male below the female, but more often 
the two sexes end to end. This chapter U concerned with the factors which 
bring the sexes together and the sequence of events which take place before 
and during mating. Also described here are the external male and female 
genitalia ; the external structures of the female are designed to receive those 
of the male during mating and to provide a chamber for the formation of 
an egg case or ootheca. The external genitalia of the male are designed to 
keep the sexes together during the copulatory period and for the transfer 
of sperm. Towards the end of the chapter a description is given of the 
internal reproductive organs of the male and the formation of the sperma- 
tophorc, the tiny capsule of sperm, which is passed to the female during 
copulation. 

Sex attractants 

Much effort has been made in recent years to discover the mechanisms 
which bring the sexes of insects together for mating, and it is now known 
that females of many species produce sex attractants or pheromones.*** 
Volatile sex attractants arc produced by virgin females of at least seven 
species of cockroach,*** including/*, americana. When these substances are 
perceived by the chcmoreccptors of males, they are attracted from a 
distance and then follows a characteristic pattern of behaviour. 

The %olatile sex attractants of certain insects have been identified and 
sjnthcsiscd, providing a new tool in insect control: extremely small 
amounts of sex attractant are required to stimulate males, and if these 
substanc« arc used in traps, the male population can be depleted. Alter- 
natively, if these materials arc ttltascd into the environment of a pest, the 
effect might be so confusing to the males that they would be incapable of 
finding a mate. Moreover, if other substances could be found which mask 
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the attractant odours of insects, these too might be used in preventing 
insects from ‘courting’ each other, thus reducing the possibility of success- 
ful copulation. 

In the German Cockroach, recognition of the female by the male, and 
the ‘release’ of male courting activity is brought about by physical contact 
between the sexes. In this instance, a non-volatile sex attractant is produced 
on the integument of the female*-* and ‘sparring’ of the antennae between 
male and female is necessary before courtship is initiated (Fig. 79a). 
During this process the male becomes contaminated with the attractant 
from the female by direct contact with her cuticle. 

In studying the attraction of the sexes, efforts have been made to find 
the part of the insect’s body that produces the sex pheromone. This has 
been successful with females of certain Lepidoptera,®*® but the glands in 
cockroaches which produce active attractants have not so far been located. 
The chemical composition of the female sex attractant has been established 
for certain insects including the American Cockroach.*®®-*®* 

Virgin females of P. americana produce a highly potent sex attractant 
(2,2,-dimethyl-3-isopropylidene-cyclopropyl proprionate), which brings 
about intense excitement among mates and elicits the wing-raising posture 
characteristic of the stimulated male (Fig. 79b). The tegmina are raised to 
an angle of 45-90® and the hindwings are vibrated rapidly. The receptors 
for detecting the female sex odour are located on the male’s antennae. 
Vision appears to play no part in sex recognition, orin the mating sequence. 

It is also known that males of about 50 species of insect produce phero- 
mones to attract the female, but none of these compounds have yet been 
chemicilly identified. Isolation and identification of male pheromones 
might also have considerable practical significance in insect control. 
Among cockroaches, the behaviour displayed by some 25 species snows 
that females which are ready to mate are drawn to the dorsal tergites of 
the male by some attractive substance.*®* This, as we shall see later, assists 
in positioning the two insects so that the male can make connection with 
the female's genitalia. 

The volatile attractant of P. americana 

It was Roth & Willis in 1952, who first showed that female American 
Cockroaches emit a specific odorous attractant and that this substance 
adheres to paper and other surfaces with which females come into con- 
tact.*** They showed, too, that the response of the male to paper contamin- 
ated with attractant, is identical in every way with his response in the 
presence of a female. 

The attractant is produced chiefly by virgin females and is not normally 
produced by nymphs, at least not in any detectable quantity. At the last 
moult the newly emerged adult female produces very little attractant, but 
it increases to a maximum during the second week after moulting, and then 
decreases as more and more oothecae are produced.*®* 
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Large amounts of the altractanl of the American Cockroach have been 
obtained by passing air continuously over large numbers of virgin females 
and condensing the vapours over ice.**^ About 10,000 females ‘milked 
continuously for a period of nine months were required to produce 12 
mg of pure attractant, a yellow liquid with a characteristic odour. Yama- 
tolo*^* has described the method for obtaining the attractant and it 
is of interest that live male cockroaches were used to detect any leakage 
from the equipment; males are so responsive that less than 10'“ /tg of 
the material is sufficient to bring about a stimulatory reaction. 

Biochemical studies have shown that in addition to producing an attrac- 
tant, female cockroaches also produce ‘activity-masking’ compounds, 
which nullify its stimulatory effect.*®* Thus when crude extracts of the 
bodies of virgin females are made inorganic solvents, none of these extracts 
evokes a sexual response in mates. When, however, the extracts are split 
into various components, one fraction has been found to produce a 
strong sexual response, but when remixed with the other inactive compo- 
nents the response is completely lost. The chemical composition of these 
masking agents has not so far been determined. 

Endocrine control of the female sex attractant 

In addition to the American and German Cockroaches, several others 
produce attractant substances which bring about a pattern of behaviour 
leading to copulation. Engelmann*** first showed with the Madeira Cock- 
roach (Z,. maderae), that quite a significant proportion of females of this 
species fail to mate if deprived of their corpora allata soon after becoming 
adult. These glands (Chapter 7) form an integral part of the neuro- 
endocrine complex and Engelmann found that mating could be induced if 
females were implanted with glands from last stage nymphs. This suggested 
to Barth*” the possibility that failure of allalectomised females to mate 
might be caused by their failure to produce the sex attractant and this he 
demonstrated in the Cuban Burrowing Cockroach {Byrsotria fiimigata): 
90 per cent of females in which the corpora allata were left intact produced 
the attractant, whereas only 14 per cent did so after the corpora allata 
were removed. 

Subsequently, Barth was able to demonstrate a high correlation between 
production of the attractant and successful mating, as indicated by the 
presence of inseminated spermatophores. Females of Byrsotria begin to 
produce sex attractant between 10 and 30 days after the final moult, 
but production of the pheromone gradually decreases if females arc 
allowed to mate and is almost completely eliminated in those carrying an 
oothcca. 

These studies demonstrated for the first lime that the stimulus to mating 
in Insects is under endocrine control. According to Barth®* it is only the 
production of the sex attractant, and no other feature of the female's 
sexual bchasiour, which is influenced by ncuro-endocrlnc secretion. This 



THE FACTORS INVOLVED IN MATING 181 

is not to be confused with the known effects which the endocrine system 
has in controlling the maturation of eggs (p. 202), and in stimulating the 
production of secretion in the female accessory glands. He says, ‘it seems 
quite appropriate that the same endocrine organ which controls egg 
maturation, should also be involved in informing the male of the female’s 
readiness to mate’. Removal of corpora allata appears to have no effect 
on the reproductive behaviour of the male, and removal of gonads from 
both sexes is also without effect on mating behaviour. 

Reaction of male P. americana 

It is now well-established that the raised tegmina and wjng fluttering of the 
male cockroach is the surest visible sign that he has been sexually stimu- 
lated. This is a clear indication that he has recognised the attractant 
odour of a female, and if the concentration of the attractant is increased 
his intensity of stimulation is also increased: the percentage of males 
which respond to the attractant is proportional to the logarithm of the 
concentration.®®^ Males in isolation sometimes fail to respond but invari- 
ably do so when put together in groups. It is believed that this may in some 
way be associated with the norma! gregarious habit of the American 
Cockroach. 

The ability of the male of this species to respond to the sex attractant 
of the female, varies at different times; he may be highly sensitive for a 
few days, or even for many months, but then gradually, or even suddenly, 
becomes quiescent. The reasons for this are not known. There is evidence 
that males can become adapted (habituated) to the olfactory stimulus, 
involving a ‘blockage’ of the normal reaction, particularly in the presence 
of very small doses of the attractant, and it may be this which is partly 
responsible for the variation in the male’s sensitivity. 

Sexual behaviour of B. germanica 

Raising of the wings is also a sure indication of stimulated sexual activity 
among males of the German Cockroach, but in this species, wing-raising 
exposes the openings of two pairs of glands on the dorsal surface of the 
seventh and eighth abdominal segments (Fig. 14, p. 46). The areas around 
these glands become moistened with secretion which is eaten by the female 
(Fig. 79c). It is clear that this secretion cannot become available to the 
female when the male is at rest, as the openings of the glands are covered 
by both the wings and the margins of the preceding abdominal segments, 
so that wing-raising and the extension of the abdomen form an essential 
prelude to the mating sequence. 

From some 6,000 observations on German Cockroaches, Roth & 
Willis*®* have detailed the factors which influence the male’s mating 
response : a good appreciation has been obtained of the sequence of events 
and the importance of each in getting the male and female into copulation. 
The following is a summary of these findings. 
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(g) The se»es«ncJ-to-end 
■n copulation 


F*8- 79. The sequence of courtship and mating in the German cockroach. 
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Male German Cockroaches which are sexually mature, are able to 
distinguish between adult males and females, since males fail to ‘court’ 
others of the same sex. As the first essential step to mating, the male must 
establish physical contact with a female before making a courting response. 
The female German Cockroach cannot provide any ‘distance attraction’ 
for the male, as in P. americana^ and even close promixity of the male and 
female is not enough. Moreover there is no evidence to suggest that the 
female may be attracted from a distance to the male. 

Physical contact, initially with the antennae, is therefore necessary to 
begin courting behaviour of the male. When he comes into contact with 
another German Cockroach he investigates it with his antennae and if the 
other insect is a female they rapidly stroke each other’s antennae. During 
this process a substance from the female is transferred to the male, which 
also makes him sexually stimulating to other males. The male can become 
stimulated sexually, even within five minutes of moulting, and by a female 
carrying an ootheca, although it is, of course, physically impossible for her 
to copulate. It is presumed that the substance acquired from the female is 
contained in her cuticular wax. 

Normally the courting of a female leads to the male twitching the end of 
his abdomen several times, extending it and then turning his terminal 
segments towards her, with his tegmina and hindwings raised, exposing 
the dorsal surface of his abdomen. Sometimes a male may become stimu- 
lated into sexual activity by another, because of the latter’s previous 
contact with a female, when he will also feed on the dorsal gland secretion 
of the courtingmale. Courting behaviour, however, is notself-propagating; 
one male courting a female, in the presence of other males, does not induce 
in them the courting reaction. 

‘Sparring’ with the antennae between males and females, and active 
movement by the female, are both important factors in getting the female 
to take the dorsal gland secretion. Nevertheless, males will court females 
from which the antennae have been removed, so that mutual ‘sparring’ is 
not vital for the induction of courtship; males will also court a dead female, 
but will not copulate with her, indicating the importance of feeding by the 
female on the male’s dorsal glands if the male is to grasp her genitalia. 
Removal of the male’s antennae markedly reduces his response. 

Because contact between the antennae is, under normal circumstances, 
the pTellminary step which stimulates the male, Roth & Willis did some 
experiments to find out what would happen if the antennae were taken 
from males and females and then used experimentally, to stimulate males. 
Cockroaches could distinguish the sex from which the antennae had come, 
but antennae taken from females lost their ability to stimulate males after 
three days. Males, however, which had been isolated from females for as 
long as 100 days, were still capable of discriminating between freshly 
removed antennae of the sexes. 

Evidence that the attractant of the German Cockroach is non-volatile 
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comes from experiments in which the antennae of a male were used 
mechanically to stimulate another male, with a female held close by, but 
not touching. No courting response was elicited. Isolated parts of the fe- 
male’s body, other than the antennae, also stimulate males, if brought in 
contact with the male’s antennae, but they produce a smaller response. 

With this information, Roth & Willis then postulated that perhaps the 
salivary secretion of the female plays a part in male stimulation. It is 
customary for both sexes to clean their antennae by passing the flagellum 
through the mouthparts and perhaps in this way the active material might 
be transferred. Antennae were thus removed from females just emerging 
from the last moult, and which had not had the opportunity to clean their 
antennae with their mouthparts. These proved positive without contact 
with salivary secretion, as incidentally, did the antennae of a newly emerged 
male, and the antennae of a male which had been moistened with saliva 
from an adult female. Also, surprisingly, the sexual response of the male 
German Cockroach can be stimulated by the antennae of nymphs of both 
sexes of the German Cockroach, and by the antennae of adult males and 
females and full grown nymphs of B. orienialis, and to a lesser extent by 
those of P, americana. 

These studies by Roth & Willis point to the conclusion that the ability 
of the male German Cockroach to discriminate between the sexes and the 
stimulus to sexual behaviour are brought about by contact chemoreception. 

Modifications of the terminal abdominal segments 
The external genitalia of male and female cockroaches are characterised 
by the formation of a genital pouch, containing the dorsal anus and the 
ventral genital opening. In the adult male, ten dorsal tergites and nine 
ventral sternites are visible externally, but only seven stermtes are visible 
in the female. The reduction in the female comes about during nymphal 
development by retraction of some of the sclerites into the abdominal 
segments to form the genital pouch (Figs. 83 and 101). This contains 
various sclcrotised structures, which in the male become extended during 
copulation and assist in grasping the female, whilst in the female they 
provide a means for passing eggs into the ootheca and in those species 
which incubate their eggs internally, for manipulating the ootheca into a 
brood sac. 

External genitalia of the male 

The ninth tergite of the male Oriental Cockroach is fused to the tenth, to 
form the supra-anal plate or epiproct, a median notched extension of 
the tenth tergite (Fig. 80a, c). The area beneath the supra-anal plate 
is referred to as the procligcr which bears the cerci. There are two lateral 
structures, the paraprocts, on either side of the anus, believed to be derived 
from the llth stemite. This also forms the sub*genital plate which bears 
the anal styles on its posterior margin (Rg. 80b, c). 
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Fig. 80. The tenninal abdominal segments of an adult male Blaiia orientalis and 
the nymphal development of the external and internal genitalia, (a) Dorsal view 
of end of abdomen ofadult, (b) ventral view, (c) posterior view, (d) genital chamber 
of young nymph, c.\posed from above, showing three simple phallomeres around 
the genital opening, (e) later stages of development showing also the btemal 
genitalia of a nymph (after Snodgrass***). 


The phallic organs of the male arise as outgrowths of the anterior 
membranous wall of the genital pouch. They appear as small lobes in the 
nymph (Figs. 80d and 81b) and become the variously shaped phallomeres 
of the mature adult. These are partly sclerotised and associated with 
the opening of the ejaculatory duct, although they are concealed by the 
ninth sternite. 

Cockroaches can be divided into two groups according to the number 
of phallomeres. A left and right phallomere is present in all cockroaches, 
but in some there is a third, the ventral phallomere, which is found below 
the opening of the ejaculatory duct. This condition occurs in the super- 
family Blattoidea (which includes all species of Periplaneta and B. orientalis'. 
see Table II) and the family Polyphagidae of the Blaberoidea. In some 
species of the family Blattellidae (including B. germanica), there is a re- 
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tractile penis between the left and right phallomere, fonned by a posterior 
continuation of the ejaculatory duct. 

One of the most complete descriptions of the external genitalia of the 
male cockroach has been given for B. germankaP^ The phallomeres, when 
retracted, are contained in separate pouches; the left phallomere is hooked, 



Fig. 8t. The external genitalia of male B. germanica: (a) end of abdomen of 
nymph (ventral view) showing the symmetrical IXth sternite, (b) the same with the 
IXth sternite removed to show the developing phallomeres and virga, (c) end of 
abdomen of an adult (ventral view) with the left phallomere and penis extended, 
(d) the same, with the stemites and phallomeres removed to show the basal hooks 
on each side of the anus (after Snodgrass*”). 


and protrudes during mating from the left side of the asymmetrical ninth 
sternite (Fig. 81c), whilst the right phallomere is more membranous, and 
is boat-shaped with a chitinised area along one side. There is also a 
‘cresentic sclerite' associated with the right phallomere about half way 
along its length (Fig. 82). 

The penis lies between the phallomeres and is a conical membranous 
lobe, which has a structure called the phallotreme on its ventral surface. 
This is possibly the equivalent of the ventral phallomere of other species. 
At the apex of the penis is a free spine, or virga, from which a long slender 
apodeme runs forwards through the dorsal wall of the cndophallus and 
projects anteriorly with muscles attached. On either side of the penis and 
arising close to the base of the cerct are two small curved and forked 
basal hooks, scicrotised at their ends (Fig. 81d). 

External genitalia of the female 

The female has a large genital pouch to receive the external genitalia of the 
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Fig. 82. (a) The iotercal and external genitalia of an adult male B. germanka', 
(b) most of the utriculi breviores removed to show the seminal vesicles (afier 
Snodgrass*”). 


male, and to hold the egg case, or ootheca, as it is being formed. The 
sternite of the seventh abdominal segment of the female is expanded 
posteriorly to form the floor of the pouch, which is roofed over by the 
sternites of segments eight and nine, and in some species by the sternite 
of segment ten. These segments are completely telescoped into, and hidden 
by, the seventh. The pouch is divided into two communicating chambers, 
the large posterior vestibulum which is to contain the ootheca, and the 
smaller, anterior genital chamber which receives the ducts from the 
ovaries and spermathecae (Fig. 83a). In cockroaches of the family Blaberi- 
dae, which incubate their oothecae internally, there is a large and highly 
distensible brood sac at the anterior end of the vestibulum and beneath 
the genital chamber (Fig. 83b). It is here that the ootheca is retained during 
gestation (Fig. 83c). 

The external genitalia of the female consist of three pairs of small ovi- 
positor valves, various sclerites and the openings of several ducts: these 
are the common oviduct, the ducts of the spermatheca and spermathecal 
gland, and the paired ducts of the accessory glands. All are concealed 
within the female’s genital pouch. The posterior and lateral membranes of 
its floor are expanded into a pair of extensive intersternal folds which grip 
the ootheca as it is produced. The expositor valves are attached to the 
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tractile penis between the left and right phallomere, formed by a posterior 
continuation of the ejaculatory duct. 

One of the most complete descriptions of the external genitalia of the 
male cockroach has been given for B. germanica}^^ The phallomeres, when 
retracted, are contained in separate pouches; the left phallomere is hooked. 



Fig. 81. The external genitalia of mate B. germanlca: (a) end of abdomen of 
nymph (ventral view) showing thesymmcirical IXth sternite, (b) the same with the 
IXlh sternite removed to show the developing phallomeres and virga, (c) end of 
abdomen of an adult (ventral view) with the left phallomere and penis extended, 

(d) the same, with the sternites and phallomeres removed to show the basal hooks 
on each side of the anus (after Snodgrass***)- 

and protrudes during mating from the left side of the asymmetrical ninth 
sternite (Fig. 81c), whilst the right phallomere is more membranous, and 
is boat-shaped with a chitinised area along one side. There is also a 
‘crescntic scleritc’ associated with the right phallomere about half way 
along its length (Fig. 82). 

The penis lies between the phallomeres and is a conical membranous 
lol«, which has a structure called the phallotremc on its ventral surface. 
This is possibly the equivalent of the ventral phallomere of other species. 
At the apex of the penis is a free spine, or virga, from which a long slender 
apodeme runs forwards through the dorsal wall of the endophallus and 
projects anteriorly with muscles attached. On cither side of the penis and 
arising close to the base of the cerci are two small curved and forked 
basal hooks, sderotised at their ends (Rg. 81d). 

External genhalia of the female 

The female has a large genital pouch to receive the external genitalia of the 
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Fig. 82. (a) The internal and external genitalia of an adult male B. germonka', 
(b) most of the utricoll breviores removed to show the seminal vesicles (after 
Snodgrass*”). 


male, and to hold the egg case, or ootheca, as it is being formed. The 
sternite of the seventh abdominal segment of the female is expanded 
posteriorly to form the floor of the pouch, which is roofed over by the 
sternites of segments eight and nine, and in some species by the sternite 
of segment ten. These segments are completely telescoped into, and hidden 
by, the seventh. The pouch is divided into two communicating chambers, 
the large posterior vestibulum which is to contain the ootheca, and the 
smaller, anterior genital chamber which receives the ducts from the 
ovaries and spermathecae (Fig. 83a). In cockroaches of the family Blaberi- 
dae, which incubate their oothecac internally, there is a large and highly 
distensible brood sac at the anterior end of the vestibulum and beneath 
the genital chamber (Fig. 83b). It is here that the ootheca is retained during 
gestation (Fig. 83c). 

The external genitalia of the female consist of three pairs of small ovi- 
positor valves, various sclerites and the openings of several ducts; these 
are the common oviduct, the ducts of the spermatheca and spermathecal 
gland, and the paired ducts of the accessory glands. All are concealed 
within the female’s genital pouch. The posterior and lateral membranes of 
its floor are expanded into a pair of extensive intersternal folds which grip 
the ootheca as it is produced. The ovipositor valves are attached to the 
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roof of the vestibulum and these guide the eggs into the ootheca during its 
formation ; they are thought to be responsible for moulding the crenulated 
edge of the ootheca while still soft. The ovipositor valves take no part in 
copulation, except to provide an anchorage for the external genitalia of 
the male. 

Mention has already been made of the blaberoid cockroaches in connec- 
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tion with internal incubation. The ovipositor valves of these are relatively 
unsclerotised and are capable of being reversed in direction, as the ootheca 
is passed into the brood sac, allowing them to become squeezed between 
the retracted ootheca and the roof of the genital chamber (Fig. 83c). 
The interstemal folds of the Blaberidae are also greatly reduced, since 
these have no great function to perform as in cockroaches which expel and 
retain the ootheca externally. 

Copulatorj' behaviour 

We can now return to the sequence of events which bring the male and 
female cockroach into copulation. Once the male of the German Cock- 
roach has raised his tegmina and wings and the secretion from his dorsal 
glands becomes available for the female to feed from, he stands in front 
of her and depresses his abdomen with thecerci reaching under the female's 
thorax. The feeding of the female on the dorsal secretion then appears to 
serve as a stimulus for the male to push his abdomen still f urther under the 
female in an attempt to clasp her genitalia (Fig. 79d). For copulation to 
occur the female must acquiesce; she must remain above the male long 
enough for connection to be made. 

Again from observations on considerable numbers of German Cock- 
roaches, it is clear that some females may be unresponsive to the male at 
mating, and not in every case can she be induced to feed on the dorsal 
gland secretion. Likewise males are not always ready to mate; copulation 
appears to occur more readily in the dark, but males can be stimulated 
to produce a courting response in both dark and light. With the cerci so 
well equipped with sensory receptors it seems anomalous that neither the 
cerci of males or females appear to be involved in normal mating behaviour ; 
this at least is so in the American Cockroach although the male cerci of 
some species are able to respond to stimuli from the female.®®® 

Use of the gemtalia in copulation 

As the male German Cockroach pushes his abdomen backwards under the 
female, the left, hooked phallomere becomes fully extended, directed 
upwards, and inserted into the female’s genital chamber. Here it clasps a 
small sclerite in front of the ovipositor (Fig. 84a). If the male has been 
successful in grasping the female’s genitalia, he moves from beneath her 
and by twisting his abdomen they assume an end-to-end position (Fig, 79e). 

Once this position has been reached it allows the male to obtain a hold 
on the ovipositor with his forked basal hooks (Fig. 84b). Then the small 
crescentic sclerite located about half way along the male’s right phallomere 
provides a further firm grip across the female’s ovipositor from beneath 
(Fig. 84c). At this stage the male manufactures a spermatophore, a tiny 
capsule of sperm, in the pouch of the ejaculatory duct. When this is fully 
formed, the large endophallus is evaginated and the spennatophore passed 
from the male to the female and deposited within her genital pouch, close 
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Fig. R4.The part played by the external genitalia of B.germanfca during copula- 
tion (diagraiTitnatic). (a) Side view with female m superior pose. The left phallo- 
m;re is fully extended and Inserted into the female’s genital chamber, (b) Ttie 
end-to-end position in ventral view. The basal hooks hold the ovipositor from 
both sides and the crescentic sclerite, from the ventral side. The last sterniles of 
both insects and the endophallus have been removed, (c) The endophallus is much 
evaginated when the spermatophore is fully developed and ready to be pushed 
out (after Khalifa*”). 


to the spermathccal duct. The structure of the spermatophore is described 
on p. 194. 

The period in copulation 

Copulations arc of two types: short, of a few seconds, during which 
no spermatophore is passed, and long, of an hour or more, which results 
in about 90 per cent of females producing an ootheca of which 85 per cent 
arc fertile.*** Females which separate from the male after successful 
copulation arc immediately capable of stimulating other males. 

Mating In other species 

The sequence of mating in German, Oriental and American Cockroaches 
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is essentially similar, but there are one or two differences. The wing- 
raising response appears to be characteristic of all male cockroaches that 
have wings, but, as emphasised in the early part of this chapter, the male 
of the American Cockroach is stimulated into sexual activity by a volatile 
pheromone and it is not essential for the male, as in B. gemianica, to make 
physical contact with the female to initiate the wing-raising response. No 
dorsal secretion is produced on the abdominal tergites of male Oriental 
Cockroaches, but the female nevertheless moves her mouthparts actively 
over the male's dorsum. Males, females and nymphs of the Oriental 
Cockroach have tergal glands, but these do not appear to be connected 
with sexual behaviour. 

In contrast to the behaviour of B. germanica, the male American Cock- 
roach attempts to copulate without the stimulus of the female's mouth- 
parts on his abdomen and the volatile attractant appears to be the only 
mechanism involved in releasing the responses of the male: he is much 
more direct in his approach and the female appears to be relatively passive, 
although Rau® noted that only I in 20 attempted matings appeared to be 
successful. Ail species in which copulation has been observed mate with 
the female initially above the male, and eventually gain the end-to-end 
position. Sperm is always passed in a spcrmatophore. 

Males of other species perform different types of body movement. For 
example, the Madeira Cockroach, as part of his courting behaviour, stands 
near the female and moves his body up and down; this consists of small 
vertical jerks of the body, the abdomen moving down as the head and 
thorax move up.**’’ Blaberus craniifer raises his body on his legs and makes 
trembling movements;*®'^ the wingless male of Enrycotis floridana stands 
close to the female, vibrates his body repeatedly iVom side to side, and 
extends his abdomen so revealing the light coloured intersegmental mem- 
branes. Species of Grotnphadorhina produce loud hissing sounds by expel- 
ling air through the second abdominal spiracles. 

The male of Nauphoeta cinerea stridulates during courtship. If the female 
happens to be receptive rnatirv?. proceeds quickly , but If she does not 
respond by palpating on his dorsal tergites, or he fails to grasp her genitalia, 
he stands about an inch away and produces a series of courting chirps. 
This noise is produced by striations on the upper surface of the costal veins 
of the tegmina engaging striations on the posterolateral corners of the 
pronotum. The tegmina are raised and rotated slightly so that the two 
surfaces are adjacent and the male begins to tremble. He produces the 
courting sounds by minute movements of the pronotum over the vein, but 
only if the female is quiescent; if she moves, he usually turns away from 
her and raises his tegmina and hindwings. 

The sound consists of short ‘phrases’ of five to ten seconds linked to 
form sentences lasting for about three minutes. Hartman & Roth*®* com- 
pare this noise with the rubbing together of two finely ridged files. These 
workers have been unable to observe a response by the female to this 
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siridulalion but suggest that it may influence her behaviour only if she 
exposed to it at a brief critical time as she approaches receptivity.”® I 
female also has the same stridulatory mechanism, but appears to use 
only ‘in protest’ when captured. 

Factors affecting receptivity of the female 

Little is known from pest species of cockroaches of the factors whi 
affect the receptivity of the female for the male. Females of many spec 

mate again very soon aftersuccessful copulationbut this contrasts markec 
with the behaviour displayed, for example, by Nauphoeta cinerea. Vir| 
females of this species, once mated, become unreceptive and do not m: 
again before the first ootheca is produced. There is evidence to suggest tl 
the presence of the spctmatophorc within the female’s genital pouch 
hibits the female’s sexual feeding response on the male's dorsal t 
gites.®”-*®* Nauphoeia cinerea is one of the species which incubates 
oothecae internally within a brood sac (p. 216); the female remains i 
receptive to the male during the period of gestation, when the meebani' 
presence of the oothcca in the brood sac is also believed to be responsil 
for inhibiting receptivity. 

Receptivity of female Nauphoeta for the male can be correlated vvi 
the time of maturation of her oocytes. As will be seen later, (p. 20 
maturation of the egg cells in cockroaches involves the deposition of y< 
which is dependent upon the activity of the corpora allata. Neverthcle 
removal of the corpus allatum from females still leaves them capal 
of mating.®*® Roth*” concludes that ‘receptivity is determined by soi 
event, presumably in the brain, which occurs at the same time as the on: 
of activity of the corpora ailata’. 

Another factor which is known to influence the reaction of female coc 
roaches to males is the availability of food. Female Nauphoeta for examp 
become receptive and mate usually within a few days of becoming ad 
and this occurs irrespective of food availability. This is not so, howev 
with females of the Madeira Cockroach {L. maderae); when these ha 
been without food since becoming adult, only about half will mate, ini 
eating that their receptivity is greatly r^uc^. Englemann®®’ has sho^ 
that mating of female Leucopbaea is partly controlled by the corpe 
allata and suggests that the hormone secreted by this gland may i 
in the female by lowering the threshold for the perception of mi 
odour. 

The mechanisms which control the formation of sex attractants of mi 
cockroaches are unknown. The male Lobster Cockroach produces 
highly active sex attractant (seductn) which acts from a short distance, ai 
arrests the receptive female sufficiently long, usually about six seconds, f 
the male to make connection with his external genitalia. The sexual activi 
of male cockroaches is not cyclical, as in females, and repeated mating do 
not interfere with production of the male's pheromone.**® 
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Fig. 85. Internal genitalia of adult male B. orieniaUs, dorsal view 
(after Snodgrass”*). 


Internal reproductive organs of the male 

These consist of a pair of testes, genital ducts (vasa deferenlia), accessory 
glands (often, called the ‘mushroom’ gland), seminal vesicles and phallic 
gland. The paired testes vary in appearance in different species. Those of 
B. orientalis become fully mature in the final nymph, when each consists 
of a mass of rounded sacs around a central duct, the vas deferens (Fig. 80). 
They develop continuously throughout nymphal development and reach 
their maximum size in the sixth instar, becoming smaller in the adult with 
the collapse of the follicle cells (Fig. 85). Qadri,** suggests that this 
deterioration is related to the large number of seminal vesicles in the 
Oriental Cockroach which provide storage for the mature sperm. Each 
testis of the German Cockroach consists of four round sacs arranged 
radially around the end of the vas deferens (Fig. 82). 

The paired vasa deferentia, one from each testis, run posteriorly beneath 
the cereal nerves and then change course to enter the ejaculatory duct. 
Here arise the ducts of the accessory glands which in some cockroaches 
niay be involved in excretion (Chapter 6). The vasa deferentia of nymphs 
of Oriental Cockroaches terminate in a pair of small ampullae associated 
with the ejaculatory duct and it is these which give rise to the accessory 
glands of the adult. 

These glands of the German Cockroach consist of a mass of tubules 
arranged in three groups (Fig. 82): firstly, the utricuU majores, long slender 
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tubes arising from the anterior end, which sometimes extend well into 
the anterior segments of the abdomen; secondly, the iitriculi breviores 
(1 mm long) which make up the major portion of the gland, and thirdly, 
a central group (1*3 mm long), hiding the seminal vesicles which arise from 
the surface of the ejaculatory duct. In B. germanica the seminal vesicles 
consist of two small oval sacs at the anterior end of the ejaculatory duct 
(Fig. 82), whereas in Blatta and Periplaneta they consist of two groups of 
numerous small sacs on the ventral surface of the duct. 

The ejaculatory duct is a muscular tube which opens at the base of the 
three phallomeres in Periplaneta and Blatta, or into the endophallus of 
Blattella. In the German Cockroach, the anterior part of the ejaculatory 
duct is enlarged into a pouch (the ejaculatory pouch) situated at the base 
of the accessory gland. 

Finally, there is a large gland (the phallic gland) of unknown function 
which lies beneath the accessory glands and ejaculatory duct. This gland 
varies in form in different species: in Blatta it is an elongate sac which 
tapers posteriorly and ends in a duct on the left phallomere; in Periplaneta 
it is subdivided into several lobes and in Blattella it consists of a mass of 
coiled tubules. 

Sperm formation 

Amerson & Hays*** have made a study of spermatogenesis in the German 
Cockroach, from hatching of the first stage nymph through the nymphal 
instars to maturity of the adult. The testes of first instars are embedded in 
a matrix of fat cells and are already spherical and divided into compart- 
ments. In the second instar, the testes contain numerous spermatogonia 
(primordial germ cells), and in the third, the testes increase in size. By the 
fourth instar (19 days at 27‘’Q, the spermatogonia have undergone 
mitotic division and by 23 days reduction division (mciosis) has begun: the 
testes then contain primary and secondary spermatocytes, spermatids, 
nurse cells, and mature sperm. In the last nymphal stage, mature sperm are 
abundant and the testes are divided into a zone in which sperm are forming 
and maturing and another containing fully mature sperm. The testes of the 
adult contain an abundance of mature sperm, but spermatogonial cells 
also present in some areas of the testes are greatly reduced. 

Formation and structure of the spennatophore 

The formation and structure of the spermatophore has been described for 
B. orienialis,^^^ and P. americana,**^'’* whilst the following description is 
that for the German Cockroach.*** 

During copulation secretions from the male accessory glands are passed 
into the ejaculatory pouch. A ‘milky substance' from the utricuH majores is 
secreted first, which is then slowly surrounded by secretion from the 
ulricuU breviores and the third group of tubules. Sperm flows from each of 
the two seminal vesicles into the middle milky layer. Each of the two 
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sperm masses forms a separate sac and when the spermatophore is com- 
plete, the pouch is fully extended. The two sperm sacs lie flattened, close 
to each other within the spermatophore, each with its own duct to the 
outside (Fig. 86a). When finally formed the spermatophore is tough, oval 
and flattened, milky in appearance and about 2 mm long and 1 mm wide. 

The spermatophore of the German Cockroach differs in many details 
from that of the American Cockroach as described by Gupta.-'® In the 
latter it is pear-shaped with only one opening for the exit of sperm and is 
said to be composed of three layers containing the sperm floating in a thin, 
clear fluid (Fig. 86b). The spermatophore eventually occupies half the 
length of the ejaculatory duct and is said to take six days to form. This 
period is now known to be erroneous and present evidence shows that 
the spermatophore of both the German and American species is formed 
only during the act of copulation, which explains why very short matings 
are always infertile. 



Fig. 86. Spermatophore of (a) B. germanica (after Khalifa***) and 
(b) P. americana (after Gupta**®). 


Insemination 

The spermatophore descends the ejaculatory duct to be introduced into 
the genital pouch of the female. At the same time a considerable amount 
of secretion, in the form of urates, is poured out onto the spermatophore 
of the German Cockroach and onto the sclerites within the female genital 
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pouch. When ejected, the spermatophore is elongate and the end bearing 
the two openings of the sperm sacs emerges first. During copulation, 
however, the endophallus of the male secures the spermatophore onto 
the sclerites within the female’s genital pouch flattening the capsule in the 
process. 

Each female can be inseminated with a number of spermatophores 
during adult life: sperm remain in the rapsule for some hours and 
observations show that if a spermatophore is removed from the female’s 
genital pouch soon after mating and placed in saline, sperm flow out 
from the tip and move actively in the solution. Inside the genital pouch 
the tip of the spermatophore, which bears the openings of the sperm sac, 
lies close to the paired openings of the spermathecae. Khalifa”^ suggests 
that the two large spermathecal glands of the female German Cockroach 
are responsible for liberating a substance which activates the sperm to 
leave the spermatophore. If a spermatophore is removed from the female 
some 25 minutes after copulation a thin thread of spermatozoa, hair-like in 
appearance, may extend from the female’s spermathecal opening.*** 
Spermatozoa held in the spermatheca can be stored by females for long 
periods of time. One female American Cockroach observed by Griffiths & 
Tauber’* which was associated with males from the final moult to the 
formation of the first oothcca (i.e. about 17 days), produced fertile eggs 
for just short of a year; 13-15 nymphs per egg case hatched during the 
first eight months and six to seven during the remaining four months. This 
provides clear evidence of the highly favourable conditions for sperm 
storage in the spermatheca of the female and highlights the problem, all 
too familiar with pest species of cockroach, of the apparent ease with 
which one fertilised female can establish a new infestation. 

The spermatophore remains in place in the genital pouch of the female 
German Cockroach for about 12 hours and then shrinks. Twenty-four 
hours after successful mating the dried, shrunken and empty spermato- 
phore is released by the female. In other species, the spermatophore may 
be retained by the female for two to three days (Blatla orientalis^^^), or for 
as long as five days {Blaberus craniifer^^). Very often after mating, a white 
substance, urates from the utricuU majores of the accessory gland (see 
p.l93), adheres to the terminal segments of the male German Cockroach, 
especially if he has been isolated from females for more than a week. This 
substance soon dries and flakes off as the male cleans itself with its hind 
legs. 

The task for which the male was attracted to the female is now over. 
Following copulation the production of fertile eggs (described in the next 
chapter) and the protection of (hose eggs against parasites, predators and 
loss of water is the responsibility of the female. Thus far we have seen that 
the coming together of males and females for copulation is anything but a 
haphazard process. There is a rationalised sequence of events through 
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which the sexes must pass if the two are to mate. It is clear from the varia- 
tion in external genitalia of different species of cockroach, notably those of 
the male, that successful copulation between the male of one species and a 
female of another is prevented. The possibility of cross fertilisation be- 
tween species is also prevented by differences in the number of chromo- 
somes in the germ cells. The diploid number determined during spermo- 
genesis is 24 in B. germartica^ 28 in P. australasiae, 34 in P, amerkana and 
48 in B. orientalis.*- There seems no doubt that given time, we shall find 
that even the attractant compounds which play a major role in bringing 
the sexes together are also peculiar, chemically, to individual species. 
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THE FACTORS INVOLVED IN OOTHECA 
PRODUCTION 


Inlernai reproductive organs of the female: the ovary; oogenesis — 'Association of bac- 
teroids with the ovary; appearance of bacteroids; entry into oocytes 
Control of oocyte development: gonadotrophic hormone, moulting and oocyte 
maturation; inhibition of the hormone in cockroaches which carry the ootheca; removal 
of the corpora allata and implantation; inhibition of the corpora allata by the brain; 
artificial oothecae and severance of the nerve cord; severance of the nerve cord at 
different positions — Oocyte maturation and mating; oocyte maturation and enzyme 
activity in the gut; oocyte maturation and food — Colletcrial glands and formation 
of the ootheca; ovubtion — Fertilisation and parthenogenesis 
Types of oviposilion: oviparity; false ovoviviparity; false viviparity — Deposition of 
oothecae; structural features of the ootheca. 


Oviposilion in cockroaches is characterised by the formation of an ootheca. 
To those familiar only with the pest species of cockroach, B. germaniea, 
B. orlcntalis and species of Periplaneta, it may seem anomalous that the 
female German Cockroach should carry Its ootheca, held by the end of th* 
abdomen until, or shortly before, the nymphs hatch, whilst others deposit 
the ootheca soon after formation. From this has come the suggestion that 
the German Cockroach exercises a protective, or ‘parental’ care over its 
eggs, which is lacking in other species. If parental care is interpreted to 
mean that the eggs of B. gernianica arc prevented from becoming desic- 
cated, and that retention by the female is necessary for her to supply water 
for the development of the embryos, this understanding is correct. It has, 
of course, come about through evolution as a means to survival. 

The carrying of the egg case by one species and not by others is better 
understood by studying oviposition in cockroaches as a group. Then it 
will be seen that there arc not two types of ovipositional behaviour but a 
gradation of many stages, from the dropping of the egg case soon after 
it is formed, to its retention internally, the eggs hatching within the female’s 
body and the extrusion of live nymphs. 

This chapter is concerned with the events which lake place after copula- 
tion. Production of young by the female involves five processes: (1) the 
formation of oocytes in the ovary and the control of egg maturation, 
(2) ovulation, i.c. the release of eggs into the genital pouch and their 
fertilisation by sperm released from the spcrmathcca, and (3) oviposition, 
i.c. the enclosure of the eggs in an ootheca and its extrusion. In those 
species of cockroach which produce li\c young there arc two further 
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processes: (4) the retraction of the ootheca into the genital pouch and its 
incubation in a brood sac (gestation) and (5) the release of young live 
nymphs from the female (or parturition). Before examining each of these 
aspects, it will first be necessary to describe the internal reproductive 
organs of the female. We can then proceed to examine the differences 
between species in their ovipositional behaviour. 

Internal reproductive organs of the female 

These consist of paired ovaries, oviducts, colleterial (accessory) glands, and 
spermathecae, although in some species there is only one spermatheca. 
Each ovary consists of a number of ovarioles connected by short pedicels 
to the oviducts, the junction of these pedicels being referred to as the 
calyx. The paired oviducts unite to form a common oviduct which opens 
into the genital chamber close to the opening of the spermatheca, where, 
in the American Cockroach, there is also an opening to a spermathecal 
gland. The paired colleterial glands open by separate ducts into the vesti- 
bulum of the genital pouch at the base of the ovipositor valves (Fig. 83, 

p. 188). 

The ovary 

The ovaries of the cockroach are surrounded by fat body and lie on either 
side of the alimentary canal occupying all but the last two or three seg* 
ments of the abdomen. 

In the American Cockroach, each ovary is composed of eight ovarioles 
(Fig. 45) each consisting of an anterior germarium, containing cells at an 
early stage of oocyte formation (or differenljation) and a posterior vitel- 
larium containing oocytes in various stages of growth (maturation). The 
anterior end of each ovariole is extended to form a terminal filament 
which unites with others at a common point of anchorage on the body wall 
(Fig. 87). The ovarioles are of the paniostic type in which nutritive, or 
nurse cells, are wanting. Each ovariole is little more than an elongate tube 
within which developing eggs are arranged one behind the other, the 
youngest lying in the tapering anterior end and the oldest situated at the 
base. The release of a mature egg into the oviduct (ovulation) is prevented 
by an epithelial plug. 

In most cockroaches one mature egg is present at the base of each 
ovariole and the remaining oocytes are in various stages of growth. 
Exceptions are found in Cryptocercus punctulatus, in which each ovariole 
may contain three or four oocytes as large as those deposited in the ootheca, 
and in S. supeUectilium in which the basal oocyte is not well-developed at 
the time of oviposition.^^ 

Each ovariole is enclosed in a tough non-cellular membrane, the tunica 
propria, covered by a thin layer of connective tissue, the peritoneal coat. 
The germarium contains oogonia, the primordial germ cells, which under- 
go division to form the primary and secondary oocytes. The vitellarium 
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forms the major portion of the ovariole and its wall closely surrounds 
each developing egg, enclosing it in an egg chamber. As the egg matures 
it becomes surrounded by a layer of follicular cells which secrete materials 
for the formation of yolk and the ‘egg shell’ or chorion. 

Oogenesis 

The development of oocytes has been studied throughout the nymphal 
development of the German Cockroach by Araerson & Hays.“* The 
ovarioles of the first stage nymph are distinct and embedded in fat cells; 
the primordial germ, cells are present but no divisions occur during the 
first four nymphal stages. At the fourth instar» the ovarioles increase in 
size, relative to the other abdominal organs, but not until the fifth nymphal 
stage are primary and secondary oocytes developed. Both mitotic and 
meiotic divisions then occur but the gametes are still immature. In their 
description of oogenesis, Amerson & Hays mention the presence of ‘nurse 
cells’ in the last stage nymph, but this presumably refers to the follicle 
cells which ultimately form the follicular epithelium. 

Mature eggs are present in the adult soon after the final moult. In the 
American Cockroach the oocyte at the base of each ovariole measures 
0-7 mm before the final moult, increases to 2 mm after the moult and 
reaches its full size, 3 mm, eight days after copulation.*’* 

Association of bactcroids tvlth the ovary 

It is convenient here to digress for a moment from the fate of the develop- 
ing eggs to consider the transmission ofbacteroids from parent to offspring. 
Bactcroids in the cockroach have been mentioned in connection with the 
fat body (p. 155) occurring as bacteria-like bodies in the mycetocytes 
(Fig. 68). Cockroaches were among the first insects found to harbour these 
organisms,*’* and they are now known to occur in all individuals of a host 
species. The physiology of these bodies is not precisely known: their 
relationship with the insect has been described as one of symbiosis, in that 
they may provide additional food factors such as vitamins, of commensal- 
ism (‘feeding at the same table'), the one organism not benefiting from the 
other, or of parasitism, since in some species (see p, 202) the bactcroids 
may destroy some of the developing egg cells. Bactcroids are transmitted 
from parent to offspring \ia the egg and their entry into the developing 
oocytes of P. americana has been studied by Gier.*’* 

Appearance of bactcroids 

Under the microscope the bactcroids of the American Cockroach appear 
as slightly curved rods, about one micron In diameter, and 1 *5 to 6-5^ long. 
They have rounded or slightly pointed ends and appear cither solid or 
vvith alternate dark and light bands (Fig. 87a), differing in shape and size 
in different species of cockroach. They increase by transverse division, the • 
constriction occurring between two dark binds, thus dividing the bactcroid 



THE FACTORS INVOLVED IN OOTHECA PRODUCTION 201 

sometimes into equal, but often into unequal parts. In species of Parco- 
blatta, the divided parts of the bacteroid may remain attached forming a 
chain; they are non-motile and in living tissue can readily be seen under 
the microscope without the aid of stains. 



ng. 87. An ovariole of P. americana showing the introduction of bacteroids into 
the egg during growth of the oocyte. For explanation of a-g, see text. 


Entrj' into oocjles 

The covering of connective tissue around both the testes and ovaries of 
cockroaches contains mycetocytes, but bacteroids are found only within 
the gonads of the female (Fig. 87b). It is not clear from the description 
given by Gier whether the bacteroids penetrate the \\’all of the ovariole, or 
whether they find their way into the mass of ovarian cells and become 
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incorporated into the primitive germ celk during early development of the 
ovary. In the mature female, bacteroids occur both in the mycetocytes 
outside the ovary, and in the gemiarium of the ovariole, where they 
become tightly pressed between the oocytes and the follicular epithelium 
forming a layer around each oocyte (Rg- 87c). The increase in number to 
form a compact layer one bacteroid inicic (Fig. 87d), and still increasing in 
number, eventually form an irregular pallisade projecting into the cyto- 
plasm of the oocyte (Fig. 87e). During the final stages of oocyte maturation 
the layer of bacteroids becomes broken into small clumps, eventually to 
form a disc-shaped mass at each pole of the egg (Fig. 870- 
Throughout development of the oocyte, the bacteroids are located be- 
tween the oocyte membrane and the follicle cells and are never found 
within the follicle cells themselves. Shortly before the egg is oviposited 
and soon after the first appearance of the chorion, the oocyte membrane 
disappears and a new membrane (the vitelline membrane) f^orms between 
the bacteroids and the chorion (Fig. 87g); the bacteroids, formerly limited 
to definite ridges, then disperse throughout the cytoplasm between the 
vitelline membrane and the yolk so that 36 hours after oviposition there is 
a compact mass of bacteroids at each pole and numerous isolated clumps 
around the periphery of each egg. 

It is ofinterestthatin Cryptocercus punctulaius, about 10 per cent of the 
young oocytes are destroyed by the bacteroids;*’* they penetrate the oocyte 
membrane at an early stage of development and increase within the yolk 
until the whole oocyte becomes a mass of bacteroids. A similar condition 
is occasionally found in Blaita orienlalis and rarely in P. amerkana.yft 
will return to the fate of the bacteroids within the egg when we consider 
embryological development (Chapter 10). 

Control of oocjtc doclopmcnt 

Our knowledge of the factors responsible for the maturation of eggs in 
insects dales back to 1936 when Wigglesworth first showed, in the bug, 
Wiodnius, that deposition of yolk in the oocytes is regulated by a hormone 
produced by the corpora allata. This substance is now known as the gonad- 
otrophic hormone and since this original discovery, extensive studies on 
its production in insects ha\e been carried out. 

A great deal has been written about the control of egg production in 
cockroaches, including many controversial views on the precise mechan- 
isms involved. It will be sufficient in the next few pages to summarise the 
principal findings and provide the reader with adequate references to the 
literature. 

Gonadotrophic hormone, moulting and ooc)te maturation 
In all cockroaches studied, the development of the oocytes is under the 
control of the gonadotrophic hormone, and in 1955 Liischcr & Engel- 
mann”* showed that the periodic change in activity of the corpus allatum 
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of the Madeira Cockroach parallels oocyte maturation. Since then, these 
observations have been confirmed in this and in many other species.’*^’®’ 
Elucidation of the mechanisms involved has required the measurement of 
the basal oocytes in the ovarioles and the removal and implantation of the 
corpora allata. 

In the American Cockroach growth of the oocytes during nymphal 
development is continuous but slow, and this same rate of growth con- 
tinues during the first five days of adult life. Between the sixth and twelfth 
days, the oocytes grow rapidly and by the end of this period reach their 
maxiraum size (Fig. 88). At the peak of reproductive performance the 



Fig. 88. Growth of oocytes in P. americana; nonaal (unoperated) insects, and 
various nymphal stages from which the corpora allata have been removed 
(after Girardie*”). 


female produces about eight oothecae per month and because this cock- 
roach drops the ootheca soon after it is formed there appears at this stage, 
in the normal insect, to be very little interruption of oocyte development. 

Experiments in which the corpora allata have been removed from the 
last nymphal stage show that this endocrine gland has no efiect on the 
growth of oocytes before the final moult, or during the first five days of 
adult life. After the sixth day, however, growth of the oocytes is inhibited, 
coinciding with the time at which yolk is normally deposited in the 
oocyte.*’’ Removal of the corpora allata from earlier nymphs (long before 
the deposition of yolk) allows the oocytes to grow until the next moult and 
for a few days after, but then again their growth is stopped. It would 
appear therefore that the ovaries are insensitive to the gonadotrophic 
hormone until after a moult has occurred, and that inhibition of oocyte 
growth can occur in P. americana well before yolk is normally deposited. 
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incorporated into the primitive germ cells during early development of the 
ovary. In the mature female, bacteroids occur both in the mycetocytes 
outside the ovary, and in the germarium of the ovariole, where they 
become tightly pressed between the oocytes and the follicular epithelium 
forming a layer around each oocyte (Fig. 87c). The increase in number to 
form a compact layer one bacteroid imcK (Fig. 87d), and still increasing in 
number, eventually form an irregular pallisade projecting into the cyto- 
plasm of the oocyte (Fig. 87e). During the final stages of oocyte maturation 
the layer of bacteroids becomes broken into small clumps, eventually to 
form a disc-shaped mass at each pole of the egg (Fig. 87f). 

Throughout development of the oocyte, the bacteroids are located be- 
tween the oocyte membrane and the follicle cells and are never found 
within the follicle cells themselves. Shortly before the egg is oviposited 
and soon after the first appearance of the chorion, the oocyte membrane 
disappears and a new membrane (the vitelline membrane) forms between 
the bacteroids and the chorion (Fig. 87g); the bacteroids, formerly limited 
to definite ridges, then disperse throughout the cytoplasm between the 
vitelline membrane and the yolk so that 36 hours after oviposition there is 
a compact mass of bacteroids at each pole and numerous isolated clumps 
around the periphery of each egg. 

It is of interest that in Cryptocercus punctuhitis, about 10 per cent of the 
young oocytes are destroyed by the bacteroids;*^* they penetrate the oocyte 
membrane at an early stage of development and increase within the yolk 
until the whole oocyte becomes a mass of bacteroids. A similar condition 
is occasionally found in Blalta orientaUs and rarely in P. americana. y/c 
will return to the fate of the bacteroids within the egg when we consider 
embryological development (Chapter 10). 

Control of ooc}tc doclopmcnt 

Our knowledge of the factors responsible for the maturation of eggs in 
insects dates back to 1936 when Wigglesworth first showed, in the bug, 
Rhodnhis, that deposition of yolk in the oocytes is regulated by a hormone 
produced by the corpora allata. This substance is now known as the gonad- 
otrophic hormone and since this original discovery, extensive studies on 
its production in insects have been carried out. 

A great deal has been written about the control of egg production in 
cockroaches, including many controversial views on the precise mechan- 
isms involved. It will be sufficient in the next few pages to summarise the 
principal findings and provide the reader with adequate references to the 
literature. 

Gonadotrophic hormone, moulting and oocjtc maturation 
In all cockroaches studied, the development of the oocytes is under the 
control of the gonadotrophic hormone, and in 1955 LUscher & Engcl- 
mann*’* showed that the periodic change in activity of the corpus allatum 
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of the Madeira Cockroach parallels oocyte maturation. Since then, these 
observations have been confirmed in this and in many other species."’*'®’®'*"® 
Elucidation of the mechanisms involved has required the measurement of 
the basal oocytes in the ovarioles and the removal and implantation of the 
corpora allata. 

In the American Cockroach growth of the oocytes during nymphal 
development is continuous but slow, and this same rate of growth con- 
tinues during the first five days of adult life. Between the sixth and twelfth 
days, the oocytes grow rapidly and by the end of this period reach their 
maximum size (Fig. 88). At the peak of reproductive performance the 



Fig. 88. Growth of oocytes in P. amencanai aormal (uooperated) insects, and 
various nymphal stages from which the corpora allata have been removed 
(after Girardie*”). 


female produces about eight oothecae per month and because this cock- 
roach drops the ootheca soon after it is formed there appears at this stage, 
in the normal insect, to be very little interruption of oocyte development. 

Experiments in which the corpora allata have been removed from the 
last nymphal stage show that this endocrine gland has no effect on the 
growth of oocytes before the final moult, or during the first five days of 
adult life. After the sixth day, however, growth of the oocytes is inhibited, 
coinciding with the time at which yolk is normally deposited in the 
oocyte.*” Removal of the corpora allata from earlier nymphs (long before 
the deposition of yolk) allows the oocytes to grow until the next moult and 
for a few days after, but then again their growth is stopped. It would 
appear therefore that the ovaries are insensitive to the gonadotrophic 
hormone until after a moult has occurred, and that inhibition of oocyte 
growth can occur in P. americana well before yolk is normally deposited. 
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Inhibition of the hormone in cockroaches vhich carrj’ the ootheca 
The German Cockroach carries the ootheca until, or almost until the young 
hatch, this usually taking about 30 days. Another ten days is then required 
before the next ootheca is fully formed. The maturation of eggs and the 
formation of the next ootheca are therefore governed by the hatching of 
the previous ootheca. 

Whilst the egg case is being carried, the basal oocytes in the ovary in- 
crease only slightly in size from 0*3 to 0-5 mm and the secretory activity 
of the colleterial glands is inhibited. During the following 10 days while the 
next ootheca is being formed, the oocytes increase rapidly to 2-6 mm 
(Fig. 89a). If an egg case is removed from a female before it is due to 

(a) 



(b) _ 



Fls.89.0oc>tegroMihandoothecarornuiionin B irrrffKw/fa:(a)thco>arianc>xIc 
In fenut« Ruled Khen 9 days otd. (b) the effect of mating on time of formation 
of the first ootheca (females mated when 8-14 days old) (after Roth & Stay*”). 
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hatch, the production of oocytes is ao^lcrated,*"® and a new ootheca is 
produced much earlier than if the original ootheca had been left attached. 
The older the ootheca at the time of removal, the larger the oocytes in the 
ovary and the shorter the time required for them to mature for the next 
ootheca.*” While an ootheca remains attached to the abdomen it inhibits 
the release of the gonadotrophic hormone; when the ootheca hatches, or is 
experimentally removed, oocyte development is quickly reinstated through 
the activity of the corpora allata. 


Removal of the corpora allata and implantation 

Removal of the corpora allata inhibits oocyte development in mated 
females. Unmated females of B. germamca are as capable of producing 
oothecae (Fig. 89b), but the infertile egg case is usually retained for a little 
longer.*” If these are operated upon for removal of the corpora allata they 
too are prevented from maturing their eggs, and the colleterial glands fail 
to secrete. If corpora allata are then implanted into these insects the 
oocytes mature and an ootheca is produced in the period which normally 
elapses between successive oothecae. Dissection of the insect shows that 
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any oocytes which are mature before removal of the corpora allata are 
resorbed, but any secretion present in the colleterial glands is maintained. 

Inhibition of the corpora allata by the brain 

Many species of cockroach incubate their oothccae in a brood sac. During 
‘gestation’ no yolk is deposited in the oocytes, but after the nymphs batch, 
the ovaries again become active and yolk is deposited. 

Llischer & Engelmann”^ and Engelmann®'* suggest that eggs in the 
brood sac of L. maderae release a substance which causes the brain to in- 
hibit secretion of the gonadotrophic hormone by the corpora allata (Fig. 
90). If ova are implanted into the body cavity of the cockroach, the 
corpora allata are inhibited almost as effectively as when the eggs are 
undergoing embryological development in the genital pouch. 

Engelmann®^* concludes that during ‘pregnancy’ the corpora allata are 
inhibited through the protocerebrum of the brain and via the nervi corporis 
allati. ‘The corpora allata must be properly innervated by the brain to 
ensure their cyclic activity (with the brood sac) at the “right time’’.’ 
Severence of the nervi corporis allati results in sustained activity of the 
corpora allata, causing several successive batches of eggs to mature.*’* 
Engelmann also concludes that the nerve connection between the sub- 
oesophageal ganglion and the corpora allata must remain intact for 
activation of the endocrine gland, this nerve apparently carrying stimu- 
latory impulses (Fig. 91). 

Artificial oothccae and severance of (he nerve cord 
The presence of an ootheca attached to the abdomen of a female German 
Cockroach inhibits the development of eggs in the ovary and so too does 
the replacement of a real ootheca by a glass bead, or an empty case filled 
with wax. Under these circumstances oocytes develop only after the nerve 
cord has been cut in the anterior region of the abdomen. The same applies 
following severance of the nerve cord of a female carrying a norma! 
ootheca; under these circumstances a German Cockroach may produce a 
succession of new oothccae at very short intervals. A third ootheca can 
be formed while the previous two are still being carried. The colleterial 
glands are also continuously stimulated to produce the excess of secretion 
required for rapid ootheca formation. In all species in which the ventral 
nerve cord has been cut during ‘pregnancy’ the corpora allata have been 
activated, followed by egg maturation. 

Roth & Stay*®® conclude that prevention of oocyte development in the 
GeVman Cockroach whilst an ootheca is being carried, is due to nervous 
stimuli resulting from pressure of the ootheca on the genital pouch. They 
'suggest the existence of ‘stretch receptors’, which respond to the increasing 
size of the ootheca as it absorbs water from the female. When the nerve 
cord is cut, these impulses are prevented from reaching the brain and the 
corpora allata remain active. 
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Fig. 91. Diagram of the control of oocyte development jo the Madeira Cockroach 
(L. maderae) as postulated by Engelmann*****’*. There may be nervous or 
hormonal connection between the brood sac and the terminal abdominal 
ganglion leading to inhibition of the corpora allata via the brain. 


Similar conclusions arise from studies on cockroaches which incubate 
their oothecae internally. 'Pregnancy’ in the Surinam Cockroach inhibits 
oocyte development; the normal period of ‘gestation’ is eight weeks (at 
25®C) during which the oocytes grow only slightly from 0-6 to 0-8 mm. 
Two weeks after the nymphs hatch a new ootheca is produced when the 
oocytes measure 3*2 mm. Accordingly there is usually a period of about 
ten weeks between the formation of successive oothecae. If the ootheca is 
removed from the brood sac within a week of its formation, the period 
before formation of the next ootheca is reduced from ten to four weeks. 
A wax ootheca, substituted in the brood sac for a real one inhibits oocyte 
development, but females in which the nerve cord is cut within four days 
of forming a normal ootheca have well-developed oocytes (2-7 mm long) 
and full colleterial glands about 30 days after the operation- Whether a 
wax ootheca, or a real one, is present in the brood sac, oocytes develop 
only after severance of the nerve cord and there is no indication 
that any substance is released by the eggs or the ootheca which act 
via the brain to inhibit secretion of the corpora allata as reported for 
L. marferne.*®® 
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Severance of the nerve cord at diffcKnt positions 
Doubt has been, thrown on the vdcw that inhibition of the corpora allata is 
brought about by eggs in the brood sac activating ‘stretch receptors’, 
causing impulses to be transmitted by the ventral nerve cord to the brain. 
Engelmann^®^ argues that if the ventral nerve cord is responsible for trans- 
mitting these impulses, then severance of the nerves of segments seven to 
nine, which originate from near the brood sac, should also activate the 
corpora allata during ‘pregnancy’. In fact, they do not. 

To obtain detailed information on the mechanism involved, Engelmann 
cut the ventral nerve cord at diflerent levels: severance between the second 
and third abdominal ganglia resulted in rapid egg maturation in 88 per 
cent of females, but when severed between the fifth and sixth ganglia 
maturation occurred in only 33 per cent. The more posteriorly the nerve 
cord was cut the lower was the percentage of cockroaches with fully 
developed eggs. 

There is as yet no morphological proof of the existence of the ‘stretch 
receptors’ postulated by Roth & Stay.*”***® Inhibition of oocyte develop- 
ment is thus considered by Engelmann,**' to be caused most probably by 
an agent, released by the egg case or brood sac, to which neurones in the 
nerve cord are sensitive. These may be located in the terminal abdominal^ 
ganglion. It seems probable that both nervous and chemical inhibition arC^ 
involved, the contribution of the two factors varying in different species. 

Oocyte maturation and mating 

Mildly active corpora allata stimulate female Leucophaea to accept a 
courting male, but in Dlphpiera mating occurs without the intervention 
of the corpora allata. In both species, the stimuli provided by mating, 
(presumably the presence of a spermatophore), when received by the brain, 
counteract its inhibitory influence over the corpora allata; the glands are 
then free from the restraining influence of the brain and release the 
gonadotrophic hormone which induces maturation of Ihe eggs and 
activates the accessory glands. 

It is essential for female Diphptera which have not previously borne 
young to be mated before the normal rale of egg maturation occurs,*’* 
but after parturition oocytes mature without the further stimulus of 
copulation.*^ In Periplanela also, (Table XIX), mating accelerates egg 
maturation.”'*** In Pycnoscelits, however, mating of the parthenogenetic 
strain is unnecessary for egg maturation. Between these two extremes, of 
Diphptera and Pycnoscelus, other species of cockroach show varying 
degrees of dependence on the stimulus of mating to overcome inhibition, 
and to stimulate secretion of the corpora allata.*” 

Oocyio maturation and cnzjme activity in the gut 

The synthesis of proteins in the ovaries of the mature female is directed 

principally towards the maturation of eggs. With the demand for yolk. 
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the enzymes responsible for supplying materials for the synthesis of pro- 
tein show much greater activity. There is evidence from studies on locusts 
that a hormone, produced by the neurosecretory cells of the brain, 
is released into the blood shortly before the ovaries begin to develop; this 
continues until yolk is deposited in the oocytes.**® Also, the concentration 
of protein in the blood of the locust is correlated exactly with the release 
of this hormone.*** 


Table XIX 

effects of the presence of males on the production of 

OOTHECAE BY FEMALE P. AMERICANA 
(From GrifTuhs & Tauber”) 


Males present 


Egg capsules 
per 
female 


Days between 
ootheca 
formation 


throughout female’s life: 

During first 4 weeks of female’s life: 

Between final moult of female and formation 
w of first ootheca: ' 

^ith virgin females only in latter part of life: 
Absent from virgin females throughout life: 


201 
26 0 

16-7 

44* 

9-7 


7-7 

80 

13-4 

27-3* 

24-7 


• Data for period before introduction of males. 


The enzyme, trypsin, is of primary importance for the breakdown of 
ingested protein. Rao & Fisk®*^ have shown that the concentration of 
trypsin in the mid-gut of Nauphoeta increases simultaneously with the 
development of the ovary, but is markedly reduced following ovulation. 
When the basal eggs have been released for inclusion into an ooth^ (Fig. 
92). In unmated females trypsin activity also increases mth the develop- 
ment of the oocytes but is maintained at a high level for a further six 
weeks; Rao & Fisk suggest that in unmated females secretion of the neuro- 
hormone controlling trypsin activity may not cease so abruptly as in 
fertilised cockroaches, but maintains a high level of trypsin activity while 
the unfertilised eggs degenerate. t.* i. 

There is at present some evidence to suggest an inter-relatjonship be- 
tween the five factors, fertilisation, active neurosecretion, oocyte develop 
ment. high trypsin activity in the gut and high protein levels in the blood, 
but proof of this in cockroaches is not so far available. 


Oocyte maturation and food _ _ . , , 

An ample diet, high in protein, is required for maximum oocyte develop- 
ment and reproductive performance of most insects, and in Chapter 10 an 
account is given of the effects of diet on the growth of the three common 
o 



Lengtfi of t)3sat oocytes |mm) 


210 


THE COCKROACH 


Ovulation 



Rg. 91. Relationship between (a) rate of growth of basal oocytes in the ovary and 
(b) activity of trypsin in the mid-gut, in mated and unmated females otNauphoeta 
cinerea and the effects of food (after Rao & Fisk“‘). The slight reduction in 
length of oocytes in mated femaies which occurs at ovulation is associated with 
an inaeasc in their width. 


pest cockroaches. Detailed studies on food availability in relation to the 
activity of the corpora alJala and oocyte growth, have been made prin- 
cipally on cockroaches which incubate their eggs internally. Roth & 
Stay*'^ have arranged cockroaches in a scries, from those demonstrating 
complete dependence upon food for oocyte development (Blollella 
gerrtiaruca, B. toga, and Lcucopfiaea) to those which show complete in- 
dependence (Pyc/ioscclus surinamensis and Diploptera). 
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A good example of dependence on food is demonstrated by Z. maderae: 
if an egg case is removed from the brood sac of a well-fed female the 
corpora allata soon become active with the result that the basal oocyte in 
each ovariole quickly matures. If the female is starving, the corpora allata 
remain inactive or become only feebly active.®^ 

In certain species, notably Nauphoeta cinerea and L. maderae, there 
appears, according to Roth,*®^ ‘to be a synergistic action of nutrition and 
mating stimuli in controlling the rate of oocyte development, since both 
stimuli are usually required for activating the corpora allata to enable 
oocytes to mature at the maximum rate’. 

CoUeterial glands and formation of the ootheca 

The ootheca of cockroaches varies in shape, size, texture, colour, perme- 
ability to water and completeness of formation in different species. The 
material of the ootheca is secreted by the female’s paired colleterial glands, 
which in the Oriental Cockroach consist of a large number of branching 
tubules which open into a common duct. The ducts from the two glands 
remain separate and open close together into the genital pouch. The tubules 
of the left gland are much longer than those of the right and completely 
surround it. 

The glands of different species of cockroach vary in size at different 
periods of their secretory cycle; in species which incubate their 
eggs internally, or carry them in an attached ootheca, the colleterial 
glands are inactive and small while the ootheca is being carried. 
They become active again during maturation of the next batch of basal 
oocytes.*®® 

The composition of the secretions of the two glands and the way in 
which they react to produce a hard rigid structure has been determined by 
Pryor for the Oriental Cockroach.*®’'*®’ The milky white secretion of the 
left gland is composed of a water soluble protein and an oxidising enzyme. 
It also contains calcium oxalate, probably present as an excretory product, 
crystals of which become embedded in the wall of the ootheca. The clear 
watery secretion of the right gland has very little protein but contains an 
ortho-dihydroxy phenol (protocatechuic acid), secreted initially as a ^- 
glucoside (Brunet & Kent*”). It should be mentioned that these latter 
workers are not entirely in agreement with Pryor on which of the two 
glands secretes the polyphenol. 

The ootheca is formed from the interaction of these two secretions; 
according to Pryor, the phenol of the right gland is oxidised to form a 
quinone which acts as a tanning agent. This then combines and reacts with 
the protein of the left gland to form a rigid structure, very resistant to 
chemical reagents and enzymes. The protein of the mature ootheca is a 
scleroprotein (as is found in cuticle) for which Pryor*®^ has proposed the 
name ‘sclerotin’. The wall of the ootheca resembles cuticle in appearance, 
but is completely lacking in chitin.*®* 
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The production of an ootheca by the Oriental Cockroach takes about 
24 hours during which more and more secretion is laid dow n in the genital 
pouch until the ootheca is complete. In this species the ootheca remains 
w’hite for three to four hours as it is extruded, and gradually changes 
through pink to chestnut (Fig. 93). After it is dropped, the ootheca con- 
tinues to darken and becomes almost black in three weeks. At the same time 
it becomes progressively harder and more brittle. 

In cockroaches which deposit the egg case, or retain it attached to the 
abdomen outside the body, the ootheca is fully formed and completely 
envelops the eggs (Fig. 37, p. 100). In species which incubate the ootheca 
internally it may be incomplete, covering only half the eggs, as in Diplop^ 
tera punclatar^^ In these species loo, the wall of the ootheca is relatively 
thin, membranous and quite often pale in colour. Sometimes the egg mass 
of the American Cockroach may be deposited without an ootheca,^ 
presumably because of a deficiency of secretion from the colleterial glands. 
The egg case of different species also varies in porosity to water, which, 
together with the other characteristics mentioned above, imply differences 
in the chemical nature of the secretions of the colleterial glands. 

Ovulation 

During formation of an ootheca the secretion of the colleterial glands 
forms a layer over the inner surface of the vestibulum. This becomes filled 
with eggs, one passing into the developing ootheca from each ovariole. 
Eggs from the right ovary are said to pass into the left side of the ootheca 
and vice versa. As the eggs are introduced they move posteriorly and the 
ootheca is extruded; it is compressed by the walls of the genital chamber 
thus giving the posterior end of the egg case a characteristic shape. The 
anterior end within the abdomen remains open until all the eggs are 
included and the intersternal folds fonn a collar around the ootheca as it 
slowly emerges. The eggs are manipulated into position in a double row 
by the ovipositor valves so that the micropylar ends (and subsequently 
the heads of the developing embryos) come to lie uppermost beneath the 
keel, the eggs of one row resting against the interstices between the eggs 
of the other row. Should the eggs be placed upside down they will develop, 
but the nymphs have little chance of emerging. When all the eggs are in 
the ootheca, the ovipositor valves are withdrawn and the anterior end is 
sealed. The full compliment of eggs is thus determined by the number of 
ovarioles, and it is for this reason that the number of eggs remains reason- 
ably constant for each species. Thus, if an oocyte has matured in each 
ovariole of P. americana the full compliment is 16, but it is very often 
less than this because of failure in one or more ovarioles. Among 534 
oothecae examined by Gould & Deay" the number of hatched nymphs 
averaged 13*6 and among a further 100 egg cases, only three contained 
more than 16 eggs. 
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Fertilisation and parthenogenesis 

With one or two exceptions, fertilisation — the fusion of sperm and egg 
nuclei — is necessary for the production of viable young. In the normal 
sequence of events, sperm stored in the spermatheca fertilise the eggs as 
they pass from the common oviduct into the vestibulum for inclusion in 
the ootheca. Females of many species are capable of producing oothecae 
in the absence of males, but far fewer unmated females are capable of 
producing eggs which hatch. In these instances, females only are pro- 
duced. 

The best example of parthenogenesis in cockroaches is that shown by 
Pycnoscelus surinamensis. Males and females of this species exist in Indo- 
Malaya, but a parthenogenctic form only is found in North America and 
Europe (see p. 74). Unfertilised eggs of the Brown-banded and German 
Cockroaches may undergo partial cmbryological development in the 
ootheca, but fail to hatch. This is also true of B. vaga, E.JJoridana and N. 
rhombifolia,** Some unfertilised eggs of B. orientalis, P. americana, P. 
australasiae and /*. brunnea may hatch and of these, all but P. australasiae 
have been reared to maturity.^*-** 

TjTies of oviposltion 

A classification has been suggested for cmbryological development in 
cockroaches based on the two inter-related factors, ovipositional behav- 
iour and the water relationships of eggs.**^ This classification distin- 
guishes the habits of the different species and divides them into three 
groups'. \iz. those showing oviparity, false ovoviviparity and false vivi- 
parity. The following description of the different types of egg develop- 
ment that occurs after ovulation in cockroaches will provide an under- 
standing of what is meant by these terms. 

Group I. Oviparity 

This term is applied to conditions where eggs, or offspring, are surrounded 
at ‘birth’ by an egg shell or chorion. An oviparous cockroach is one in 
which the eggs develop outside the body of the female. This is the normal 
condition in most insects, but there are notable exceptions, such as aphids, 
and tsetse flies which nourish Ihe eggs and produce young alive, referred 
to as viviparity. Three types of oviparity can be distinguished among 
cockroaches. 

Type (1). Species in nhich the ootheca is deposited long before the eggs hatch 
and in ^\hich the ootheca and eggs contain sufficient water for embryo- 
logical development 

This group includes the pest species, B. orientalis, S. supellectilium and all 
species of Peripianeta. The ootheca is so constructed as to prevent loss of 
water after deposition and the eggs can develop at low relative humidities. 
Adequate water is present in the ootheca at the time of its formation and 
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this is taken up from within the egg case by the developing embryos. This 
group also includes the non-pest species, Eurycotis floridana and Neo- 
styjopyga rhombifolia. 

Type (2). Species in which the ootheca is deposited long before the eggs hatch, 
but in which the ootheca and eggs do not contain sufficient water for 
embryological development, but can acquire it if the egg case is deposited 
in a humid environment 

This group includes the non-pest species of Europe and Southern England, 
namely, Ectobius pallidas and the outdoor species of Parcoblatta common 
in the U.S.A. Water can be absorbed through the oothecal wall if the egg 
case is laid on a damp substrate, but in a dry environment water is lost 
rapidly and the eggs desiccate. This group also includes Ectobius panzeri 
and E. lapponicus which may carry the ootheca for ten days or more before 
deposition. The egg case may then over-winter before hatching. 

Type (3). Species in which the ootheca is not deposited soon after formation 
but is carried externally by the female until, or shortly before, the young 
hatch 

This group includes the German Cockroach and the Field Cockroach, 
Blattella vaga. The wall of the ootheca is noticeably thinner than that of 
species in Type (1) and is less-hcavjly tanned. The embryos rely for their 
development on water provided by the female through the soft permeable 
end of the ootheca held in the genital pouch. The water relations of the 
ootheca and the effects of removing it from the female German Cockroach 
at various stages of embryological development are discussed on page 299. 

Apart from water regulation, two other features distinguish the ovi- 
parous cockroaches of Types (1) and (2) from Type (3). Species which 
drop their oothecae soon after formation can, and usually do, form another 
a few days later; the interval between successive oothecae is short and 
usually much less than the period required for hatching. This contrasts 
with cockroaches which carry the oothecae until hatching; these are un- 
able to form another until the empty case is dropped and the interval be- 
tween successive oothecae must therefore be somewhat longer than the 
period of incubation.** Nevertheless, under experimental conditions, 
instances have been recorded of female B. gennanica carrying two oothecae 
attached end-to-end. 

The second distinguishing feature of cockroaches which carry oothe- 
cae during embryological development is that the egg case whilst held by 
the abdomen, is rotated through 90® soon after its formation, with the 
result that the dorsal keel comes to lie on one side. Roth*° suggests that 
rotation — to the left or the right — is a genetic trait but this has yet to be 
proved. The reason for rotation will be readily understood if one takes 
account of the problem confronted by species (in Groups II and III below) 
which incubate their oothecae internally; for internal incubation, the 



216 


THE COCKROACH 


ootheca is retracted back into the abdomen, which is of course wider 
laterally than dorso-ventrally. Thus the German Cockroach provides an 
example of an intermediate condition in ovipositional behaviour, between 
those which deposit the ootheca and those which retract it. Rotation also 
facilitates the carrying of the ootheca if its widest dimension lies in the 
same plane as the greatest dimension of the parent. Carrying the ootheca 
throughout the entire period of egg development is considered to be the 
most advanced type of ovipositional behaviour among oviparous cock- 
roaches and rotation of the ootheca, whilst it is held, may be considered 
as a pre-adaptation for the evolution of internal incubation,^® 

Group II. False ovoviviparity 

Viviparity, as defined by Hagan*** is the birth of young without an envelop- 
ing chorion, but has come to be used to describe conditions involving the 
birth of young in some pre-adult stage other than the egg. In ovoviviparity 
there are two birth products, first the production of an ootheca, containing 
eggs each surrounded by a chorion, and secondly the production of live 
nymphs after the eggs are incubated internally. The term ‘false ovovivi- 
parity’ is used by Roth & Willis*** to describe egg development in cock- 
roaches which first extrude the ootheca from the abdomen, rotate it and 
then retract it for incubation within the brood sac, where the eggs remain 
until, or just before, hatching. 

This group includes cockroaches in which the ootheca usually encloses 
25 eggs or more and which contain sufficient yolk to complete their 
development. Water only is provided by the female resulting in a loss in 
dry weight of the ootheca during development of the embryos. The group 
is subdivided, arbitrarily, according to the thickness and colouration of 
the ootheca: 

Type (1); in which the ootheca is thick and dark, e.g. species of Blaberus 
and Byrsotria fiirnigaia. 

Type (2): in which the ootheca is relatively thin and amber to colourless, 
e.g. Nauphoeta cinerea, Leucophaea imdcrae and Pycnoscelus Surinam- 
ensis. Also included is Gromphadorhina laevigata, the species for which 
Chopard*** first recorded the extrusion and retraction of the ootheca. 

Group III. False viviparity 

This group contains only one cockroach, Diploptera punctata, about which 
there has been some controversy concerning its ovipositional habit.** This 
cockroach is now known to extrude the ootheca and retract it into a brood 
sac in a similar manner to the false ovoviviparous species*** and not to 
pass the eggs directly from the oviduct into the brood sac as was once 
suggested. It differs from the false ovoviviparous cockroaches in that the 
eggs, usually 12 in number, gain both water and solids from the female 
during cmbryological development, and the ootheca is incomplete and 
ne\cr covers more than half of each egg.*** As far as is known there is no 
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true viviparity in cockroaches involving incubation in the oviduct. 

Deposition of oothecae 

Many authors who have reared cockroaches for research have made 
observations on the behaviour of cockroaches which deposit their oothecae. 
Haber” in particular has set down his observations on P. americana made 
throughout the night: at the beginning of egg-laying the female first 
roughened the surface of a piece of paste-board with her mandibles and 
chewed it until there was an appreciable groove. The pieces were not 
dropped, but were mixed with secretion from the mouth until they were 
damp and then stuck as a mass onto the surface of the paste-board. Half 
an hour later she crawled forward over the groove with the abdomen bent 
anteriorly and downwards, probing about with the protruding ootheca 
until she located the groove. Then she dropped the ootheca into it, but as 
the groove was too shallow the ootheca rolled out and fell to the fioor of 
the cage. The female turned about and with her palpi sought for the 
ootheca; ‘finding it missing, immediately she ran down the paste-board, 
seized the ootheca by its fluted edge with her mandibles, straddled it with 
her front legs and thus carrying it, returned to the groove’. She went 
through the same procedure a second and third time because the groove 
was unsuitable and ‘by this time she seemed to have decided that it was 
futile to attempt to place the ootheca in the originally selected location. 
She cleaned it with her mandibles, coated its exposed side and ends with 
a secretion from her mouth and from the bottom of the cage picked up 
loose bits of trash, attempting to conceal the ootheca by covering it over 
with them’. 

In the majority of instances, the female American Cockroach deposits 
her ootheca on the day following its first appearance, but this period may 
be extended to six days. Both the American and Oriental Cockroaches 
attempt to use existing crevices in which to secure and conceal their oolhe- 
cae; they are usually covered with debris tom up by the female, or some- 
times by faecal pellets. In captivity, oothecae which are not well hidden are 
often eaten by other cockroaches or even by the parent. Rau*® records a 
female B. orientalis carrying earth and debris, sometimes for considerable 
distances, and with this and saliva, daubing the ootheca untU it was hidden. 
When no covering is available, the ootheca is dropped randomly or simply 
pasted onto surfaces and not covered.” 

Rau®*^ claims from his night vigils with P. americana and B. orientalis 
that these species rarely drop their egg cases indiscriminately. His observa- 
tions ‘show conclusively’ that they usually make vigorous attempts to hide 
them with great care in crevices, or bury them in soft wood or workable 
material and ‘cover them precisely’. He obser\’ed a female American Cock- 
roach which spent half an hour chewing away to hollow out a cavity in 
rotten wood. The mouth secretion was introduced drop by drop over a 
period of 12 minutes before the ootheca was placed into the mass of ad- 



218 


THE COCKROACH 


hesive material. The jaws were used to arrange the ootheca with the keel 
uppermost, presumably, he suggests, to allow free emergence of the nymphs. 

This same author has detailed his obscrv'ations on the egg-laying habit 
of Blatta orientalis. On a sandy surface, the female brushed away the sand 
with her front legs, using those on each side alternately, taking about 20 
minutes to reach a stable surface. She then deposited the egg case in the 
cleared spot and after an interval of several minutes spread a thin layer of 
glutinous secretion from her mouth all over it, this taking a further three 
minutes. She then picked up the egg case in her mandibles and placed it 
with the keel uppermost; 45 minutes were spent covering the secretion 
with grains of sand until the ootheca was completely covered, and finally 
she brushed loose sand over the ootheca with her front legs until it was 
completely covered. 

Structural features of the ootheca 

Until Lawson**^ investigated the structure of the keel of the ootheca it was 
thought to be a sealed structure and the diffusion of gases into it seemed 
unlikely. At the same time it seemed equally unlikely that sufficient air 
could be sealed into the capsule to support respiration over a number of 
weeks. Lawson solved this anomaly by demonstrating the existence of tiny 
sutural openings in the keel which allow the embryos to respire. 

The keel of the ootheca consists of two tightly opposed flanges but varies 
in structure in different species (Fig. 94). In £. germanha and Parcoblatia 
pennsyhanlca it is composed of an upper and lower lamina enclosing a 
cavity with a sponge-like body above each egg. The lower lamina is 
thickened to form a floor to the cavity above the eggs, and the upper 
lamina forms a ‘seam roof. In these species, the sutural opening cormects 
to the sponge body, via the keel cavity and a connecting duct. In Supella, 
B. orientalis and species of Periplaneta the sponge-like body is absent and 
the sutural opening connects with a duct opening directly above the eggs. 

The remainder of the ootheca forms a sac-like structure with various 
ornamentations. In some species, for example the American and Oriental 
Cockroaches, the tops of the eggs within the ootheca are indicated by 
small rounded swellings cither side of the keel. In others, c.g. BlatteUa 
and Supella, each egg is demarked by a groove in the oothecal wall running 
from the keel to the ventral surface (See Fig. 37, p, 100). 

A few days before nymphs of the German Cockroach hatch, a dark band 
appears along the mid-line of the ootheca resulting from the accumulation 
of waste products within the alimentary canal ofeacb developing embryo.*** 
The oothecae of other species are often too dark for this to be visible. 

These last two chapters have given an insight into the complexity of 
mating and ootheca production in cockroaches. Behavioural responses 
in getting the sexes together, the physiological processes regulating egg pro- 
duction, and the carrying of the ootheca externally by some species and 
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Fig. 94- Structural details of the keel of four species of cockroach (diagrammatic). 

The keel of P. americana is drawn to half the scale of the other species (after 

Lawson*”)- 

iTi\t;rnaUy by otbers aie yeatwes which have obvioasiy coi^yTibated 
towards the survival of these insects. There is no doubt that a great deal 
remains to be learnt about the mechanisms involved in insect reproduction, 
but there is clearly no better group than cockroaches for such investiga- 
tions. 

The reader who has patiently followed this description of cockroach 
reproduction must be convinced of two things. One, that although cock- 
roaches are considered to be primitive insects the physiological processes 
concerned in reproduction — the perpetuation of these primitive external 
features — are very complex inde^. Secondly that from the information 
now available, it is not surprising that cockroaches have emerged as one 
of the most successful groups of insects, and often one of the most difficult 
for man to eradicate. 
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hesive material. The jaws were used to arrange the ootheca with the keel 
uppermost, presumably, he suggcsts,toallow free emergenceof the nymphs. 

This same author has detailed his observations on the egg-laying habit 
of Blatta orientalis. On a sandy surface, the female brushed away the sand 
with her front legs, using those on each side alternately, taking about 20 
minutes to reach a stable surface. She then deposited the egg case in the 
cleared spot and after an interval of several minutes spread a thin layer of 
glutinous secretion from her mouth all over it, this taking a further three 
minutes. She then picked up the egg case in her mandibles and placed it 
with the keel uppermost; 45 minutes were spent covering the secretion 
with grains of sand until the ootheca was completely covered, and finally 
she brushed loose sand over the ootheca with her front legs until it was 
completely covered. 

Structural features of the ootheca 

Until Lawson*®* investigated the structure of the keel of the ootheca it was 
thought to be a sealed structure and the diffusion of gases into it seemed 
unlikely. At the same time it seemed equally unlikely that sufficient air 
could be sealed into the capsule to support respiration over a number of 
weeks. Lawson solved this anomaly by demonstrating the existence of tiny 
sutural openings in the keel which allow the embryos to respire. 

The keel of the ootheca consists of two lightly opposed flanges but varies 
in structure in different species (Fig. 94). In B, germanica and Parcoblatta 
pennsylvanlca it is composed of an upper and lower lamina enclosing a 
cavity with a sponge-like body above each egg. The lower lamina is 
thickened to form a floor to the cavity above the eggs, and the upper 
lamina forms a ‘seam roof. In these species, the sutural opening cormects 
to the sponge body, via the keel cavity and a connecting duct. In Supetla, 
B. orientalis and species of Periplanela the sponge-like body is absent and 
the sutural opening connects with a duct opening directly above the eggs. 

The remainder of the ootheca forms a sac-like structure with various 
ornamentations. In some species, for example the American and Oriental 
Cockroaches, the tops of the eggs within the ootheca are indicated by 
small rounded swellings cither side of the keel. In others, e.g. BlatteUa 
and Siipella, each egg is demarked by a groove in the oothecal wall running 
from the keel to the ventral surface (Sec Fig. 37, p, 100). 

A few days before nymphs of the German Cockroach hatch, a dark band 
appears along the mid-line of the ootheca resulting from the accumulation 
of waste products within the alimcntarycanalofeach developing embryo.*** 
The oothecae of other species are often too dark for this to be visible. 

These last two chapters have given an insight into the complexity of 
mating and ootheca production in cockroaches. Behavioural responses 
in getting the sexes together, the physiological processes regulating egg pro- 
duction, and the carrying of the ootheca externally by some species and 
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Fig. 94. Structural details of the keel of four species of cockroach (diagrammatic). 

The keel of P. americana is drawn to half the scale of the other species (after 

Lawson***). 

intemaUy by others are features which have obviously contributed 
towards the survival of these insects. There is no doubt that a great deal 
remains to be learnt about the mechanisms involved in insect reproduction, 
but there is clearly no better group than cockroaches for such investiga- 
tions. 

The reader who has patiently followed this description of cockroach 
reproduction must be convinced of two things. One, that although cock- 
roaches are considered to be primitive insects the physiological processes 
concerned in reproduction — the perpetuation of these primitive external 
features — are very complex indeed. Secondly that from the information 
now available, it is not surprising that cockroaches have emerged as one 
of the most successful groups of insects, and often one of the most difficult 
for man to eradicate. 
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GROWTH, DEVELOPMENT AND 
NATURAL ENEMIES 


Embryological development; fate of the bjc(cro(d$; incubation period of the oothcca; 
hatching from the ootheca 

Post-embryological development; characteristics of nymphal growth; growth of the 
antennae; growth of thecerci; growth of the icrmina! abdominal sicrnites of the female; 
growth of the wings 

Growth and moulting: increase tn weight; increase in size; number of moults and lo^s 
of appendages; regeneration of appendages; effects of individual and communal 
rearing— Effects of diet: protein requirements; vitamins — Seasonal variation in develop- 
ment 

Inquiline cockroaches — Natural enemies of cockroaches: hymcnoptcra; other predators 
and parasites-^Dcfence mechanisms against predators. 


Growth and development in insects is divided into two phases: embryo- 
logical deve lopment , which follows fertilisation of the egg ani” occurs 
withltTthe egg membranes, and post-embryological development which 
occurs after the egg membranes have been shed. 

Embryplogica^development involves division of the zygote nucleus and 
the laying down of the'prrmary layers, ectoderm, mesoderm and endoderm, 
and the differentiation of these layers into tissues and organs. The speed of 
embryological development is influenced principally by temperature and 
water availability. 

After the egg has hatched (eclosion), post-embryonic development 
continues with periods of active growth punctuated by moults, or cedyses. 
The increase in size of the insect is discontinuous because of the limitations 
of the cuticle, and the rate of growth following hatching is influenced 
primarily by temperature, humidity, diet and space. 

Cockroaches belong to that group of insects referred to as the Hemi- 
metabola (=Exopterygota) in which metamorphosis is direct or incom- 
plete. The young are referred to as nymphs and resemble fhe adult in 
appearance and habit except for the absence of fully developed wings, 
external genitalia and adult colouring. There is no striking morphological 
change during development as in the Holometabola (nEndopterygota), 
in which a pupal stage is interposed between the immature (larval) and the 
mature (adult) stages. 

In this chapter we shall examine the effects of environmental factors on 
the growth and development of cockroaches. Most of the information 
available has been obtained from studies of pest species held under con- 
trolled conditions in the laboratory. Some, however, has been obtained 


220 




GROWTH, DEVELOPMENT AND NATURAL ENEMIES 221 

uader varying conditions in buildings and demonstrates the marked efiects 
of seasons. 

Embryological development 

The fertilised eggs, within the newly formed cockroach ootheca, are 
slightly curved, concave on one side, on which the future embryo will 
develop, and convex on the other. Each egg is composed of a zygote 
nucleus and yolk, contained in the cytoplasm, together with bacteroids 
which enter the oocyte in the ovary (see p. 201). The cytoplasm is enclosed 
by two layers, an inner vitelline membrane and an outer chorion, which 
allow free exchange of air and water. 

As far as can be judged from accounts of the embryological develop- 
ment of cockroaches, the sequence of events is not unlike that of other 
orthopteroid insects. Briefly, development first follows the usual pattern 
for a heavily yolked egg: cleavage of the zygote nucleus is followed by the 
formation of a blastula, and subsequent gastrulation movements result 
in the formation of an embryo separated from the blastoderm by an 
amniotic cavity. A ventral_plate gives rise to the three primary layers, 
ectoderm, mesoderm and endoderm, from which the various parts of the 
body are developed. The yolk is enclosed by the upward growth of the 
sides of the ventral plate which eventually meet along the mid-dorsal line. 
The nerve cord is formed by an infolding of ectoderm along the mid- 
ventral line, and the tracheal system arises from invaginations of ectoderm 
at regular intervals along the sides of the embryo. Rudimentary append- 
ages form on the abdomen, but these are subsequently lost with the excep- 
tion of those on the ninth segment which remain to form the cerci. 

I Throughout the whole of embryological development the yolk provides 
I nourishment so that the space which it initially occupies in the egg comes 
r to be taken up by the developing embryo. Water is absorbed by the eggs 
of all species of cockroach during development, but the amount varies in 
relation to that present in the ootheca at its formation.*®’ The initial water 
content is high in species which deposit the ootheca {Periplaneta spp. 60- 
65 pet cent; Blalio orieninIis,64peT ccn\), and those which carry the ootheca 
attached to the abdomen (B/atlella germanica, 62 per cent; B. vaga, 60 per 
cent) ; it is low in those which incubate their oothecae internally (34-40 per 
cent). Among the latter species there is one exception, viz. Diploptera 
punctata, a false viviparous cockroach (p. 216) in which the eggs contain 
65 per cent water at ootheca formation. It is the only cockroach known in 
which the eggs increase in both dry matter and water content during 
embryogenesis. The embryological development of Diploptera and Blattella 
have been described in detail by Hagan*®* and Wheeler,*®® respectively. 

Fate of the bacteroids 

During early embryogenesis, the bacteroids retain their position against 
the vitcliinc membrane, which they oeampied at ovuiation (p. 202). In the 
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American Cockroach, many of the first nuclei to reach the edge of the 
yolk do so after two days of incubation; some then sink back into the yolk 
accompanied by bacteroids. At the end of the second day some of the 
nuclei which are to form the blastodern pass into the masses of bacteroids 
at the poles of the egg, and between the third and fifth days the two polar 
masses of bacteroids move towards the centre of the yolk and form the 
primary mycetocyte. By the eleventh day of development the bacteroids 
begin to appear against the gut epithelium and eventually infect the cells 
of the fat body. Gier*” suggests that at this time a few bacteroids also find 
their way into the developing ovary and become incorporated into the 
compact primitive cord of germ cells. 



Fig. 95. Variation in hatching lime of oothccac of P. americam (range 
37-92 days) in a fluctuating environment (temperature range 70-80“F) 
(after Gould & Deay>i). 


Incubation period of the ootheca 

The time required for completion of embryological development is greatly 
affected by temperature. In a fluctuating environment of 30-40 per cent 
relative humidity (Fig. 95), oothecae of the American Cockroach hatch in 
five weeks with periods averaging (29X), but take up to 13 weeks to 
hatch at 70°F (2rC).*‘ For each degree Farenheit rise in the average 
monthly temperature the hatching time is reduced by about three days. 
This compares with a reduction of 1 -6 days for the ootheca of the German 
Cockroach, 2-6 days for the Oriental Cockroach and 5-1 for the Brown- 
banded Cockroach. Oothecae of/*, americana held below about 10 per 
cent relative humidity fail to hatch. Under more closely controlled con- 
ditions, and at the higher relative humidity of 70 per cent, the incubation 
time of P. americana is shortened to 29-31 days at 29-32'’C and the per- 
centage hatch then exceeds 80 per cent (Fig. 96). 
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Fig. 96. The effect of temperature on the incubation time and 
hatching of oothecae of P. americarta. 

Hatching from the oothcca 

When hatching occurs, the dorsal keel of the ootheca suddenly splits along 
its length, and the nymphs emerge abruptly. In Supella,^'^^ and probably in 
other species too, emergence from the ootheca is accomplished by the 
nymphs swallowing minute air bubbles which accumulate in the crop, so 
enlarging the abdomen that the resulting pressure helps to force the young 
out. The nymphs then wriggle from the ootheca, those near the middle, 
where the gap along the keel is usually widest, are first, those at the ends 
free themselves later. Nymphs which delay their escape too long may be- 
come trapped within the ootheca which tends to snap shut after the majority 
of nymphs have emerged. The process of emergence is complete within a 
few minutes (Fig. 97). The eyes of the emerging nymphs are darkly pig- 
mented, but the remainder of the cuticle is white. Nymphs may hatch from 
the ootheca of the German Cockroach whilst the egg case is still held by 
the female (Fig. 98). 

There is no evidence to support the suggestion that young secrete a fluid 
which dissolves the keel so enabling hatching. Neither is there any evidence 
that the female of any species of cockroach assists the young to escape. 
Immediately after hatching the young of some species undergo an em- 
bryonic moult (probably the shedding of the serosa, one of the embryonic 
membranes) leading to the formation of the first instar. 

The nymphs are actively mobile from the moment they leave the 
ootheca. The abdomen is long and slim at eclosion but broadens somewhat 
after an hour or so and the cuticle soon tans. The nymphs often tend to 




rig. 97. Hatching of an ootheca of Periptaneta. Note the embryonic membranes left 
behind in the ootheca after the nymphs have emerged. (Courtesy: Drs. Roth & Willis, 
U.S. Army Natick Laboratories.) 


remain together for a few hours after emergence having sought the nearest 
possible favourable environment. Nymphs of Bhberus craniifer consume 
the extruded ootheca, and have been observed to remain around and 
under the body of the female for a period after parturition.*” 

Post-embrj’ological development 

I Post-embryonic growth consists of a series of nymphal stages separated by 

I moults. The number of nymphal stages in each species remains reasonably 
constant, but may increase if environmental conditions are unfavourable. 
One sex may occasionally pass through more moults than the other and 
the duration of nymphal stages also varies between species, the sexes of the 
same species, and with season. It is possible for some individuals to reach 
maturity in half the time taken by others (Fig. 99). 



Fig* 98. Hatching of ati ootheca of B. germanica while still attached to the female. T^e 
Wings have been cut for clarity. (Courtesy: Drs. Roth & Willis, U.S. Army Natick 

Laboratories.) 


^aracteristics of njinphal grottlh 

Nymphs of all species of cockroach are similar in general appearance to 
the adult except for the absence of wings, incompletely developed genitalia 
and adult colouring. Detailed examination also shows that certain of the 
appendages, such as the antennae and cerci, increase in their number of 
segments as nympha! development proceeds, Qadri«*hasstudied thegrowth 
characteristics of the antennae, cerci, terminal abdominal sclerites and 
Wings of the Oriental Cockroach in successive developmental stages. This 
species increases in body size (from the occiput to the end of the abdomen) 
Irom about 5 mm in the first stage nymph to 22 mm in the adult. 
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Fig. 99. Variations in the rate of development of nymphs oiP, americana 
front hatching to maturity. Each point represents hw individuais 
which moulted at about the same age. The curve gives the mean time for 
each moult (after Gier’‘). 


Growth of the antennae 

The antenna of the first instar nymph consists of 42 segments and is 
divisible into four regions (Fig. 100); the basal segment or scape, the second 
segment, which acts as a pivot for antennal movement, the third segment 
which constitutes the zone of growth or multiplication, and the fourth 
region, or flagellum, consisting of 39 segments in the first instar and of 
additional segments, divided off from the third segment in subsequent 
instars. The third segment of a newly moulted nymph is undivided but it 
becomes divided some hours after ccdysis. Thus according to Qadri the 
formation and subsequent separation of the new segments, from the third, 
appears to take place between moults. This process continues until the 
fourth instar but no further divisions occur in fifth or sixth stage nymphs. 
Fuller^®® has observed a simiiar process of growth which does not occur 
beyond the fourth instar in nymphs of termites. The growth pattern of the 
antennae of B. orientalis described here is not, however, in accord with the 
views of Gier’® who states that the antennae of P. americana definitely 
increase in length at the moult and continue slight elongation by stretch- 
ing of intersegmental membranes, between moults. 

Growth of the cerci 

The cercus of the first stage nymph of B. orientalis consists of three seg- 
ments only (Fig. 101). All three divide to form eight in the second instar, 
and from then on only the terminal segment divides. The cercus has nine 
segments in the third instar, 10-11 in the fourth, 12 in the fifth, 14 in the 
sixth and 16 in the adult (Fig. 44, p. 1J5). The Brown-banded Cockroach 
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Fig. 100. Basal part of an antenna of a 2nd stage 
nymph of B. orientalis showing the zone of 
growth at the 3rd antennal joint (after Qadri**)- 


also starts life with a three-segmented cercus but acquires the full number 
of 15, by the fourth nymphal stage.“' 

Growth of the terminal abdominal stemltes of the female 
The last segments of the abdomen of the female nymph become consider- 
ably modified during development in relation to the formation of the 
gemtal pouch (p. 186). The most noticeable changes occur in the ventral 
sternites; in their relative size and shape, and in the extent to which they 
are visible externally. These changes are not identical in all species, but the 
end result is the same: the extensive development of the seventh sternite 
and the invagination of the posterior ones into the end of the abdomen 
(Fig. 101). The sequence of events in Biatta has been studied by Qadri®* 
and in Supella by Hafez & Afifi.*®* 

Growth of the wings 

The first and second stage nymphs of the Oriental Cockroach are without 
traces of wings, but in the third stage, the hind margins of the meso- and 
metanota become concave posteriorly (especially in the male) and traces of 
wing rudiments are visible at the posterolateral angles. These rudiments 
in the fourth stage become distinct, notably in the male, with the growth 
bacJni’ards of these angles. In the next rivf? stages, the developing wings are 
quite prominent: in the fifth stage the posterolateral margins of the meso- 
notum overlap the metanotum and those of the latter extend as far as the 
middle of the second abdominal segment. In the sixth and final nymph, the 
\ving rudiments become thicker and more clearly defined from the thoracic 
sclerites. The tegnuna and hind wings of the adult male cover about two- 
thirds of the abdomen whilst in the female they remain vestigial. 

Gronlh and moulting 

Moulting in insects is under the control of the ‘juvenile hormone’, eedyson, 
which maintains the immature characteristics of nymphal stages. At the 
last nymphal stage the corpora allata are inhibited by the brain from pro- 
ducing the juvenile hormone. Severance of the corpora allata from the 
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brain in the last stage nymph of Leucophaea results in continued activity 
of the corpora allata with the production of supernumary moults.®*” 

At moulting, air is taken into the crop causing the cuticle to split along 
the mid-dorsal line from the head backwards. By a series of rhythmical 
expansions and contractions of the body, the cockroach in its newly 
formed white cuticle emerges over a period of 15 minutes to one hour. 


(a) First Smm 4 Tkird 



(b) Fnt S«fMd Tkird 



Ftg. 101. Development of the temunal abdonunal stemites of female nymphs of 
(a) B. orlentalis (after Qadri*‘) and (b) 5. supeHecliliiim (after Hafez & 

The Vllih stcfnite has been shaded to show us enlargement to form the su^ 
genital plate. 
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Fig. 102. Rnal mouU of a last stag« nymph of male Blatta 
orientalis. Escape from the old cuticle usually occurs \nih the 
head pointing downwards, gravity helping the newly-formed 
adult to emerge. Note the gr^ual expansion of the wings after 
emergence and the dorsal blood vessel clearly visible through 
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brain in the last stage nymph of Leucophaea results in continued activity 
of the corpora allata with the production of supernumary moults.®'” 

At moulting, air is taken into the crop causing the cuticle to split along 
the mid-dorsal line from the head backwards. By a series of rhythmical 
expansions and contractions of the body, the cockroach in its newly 
formed white cuticle emerges over a period of 15 minutes to one hour. 


(&) Rrtl Tlird 




Fig. 101. Development of the tenntnal abdominal sternltes of female nymphs of 
(a) B. orientalis (after Qadri**) and (b) S. supellectiliiim (after Hafez & 

The Vllth stemite has been shaded to show its enlargement to form the su^ 
genital plate. 
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Fig. 102. Final moult of a last stage nymph of male Blafta 
orientalis. Escape from the old cuticle usually occurs with the 
head pointing downwards, gravity helping the newly-formed 
adult to emerge. Note the gradual expansion of the wings after 
emergence and the dorsal blood vessel clearly visible through 
the new soft white cuticle. (Courtesy: Drs. Roth & Willis, U.S. 
Army Natick Laboratories). 
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Moulting usually occurs with the head pointing downwards, gravity 
helping the insect to withdraw from the old cuticle. The new cuticle is at 
first white, without any signs of pigmentation except in the eyes. At this 
time the insect is highly susceptible to desiccation and to cannibalism by 
other cockroaches. At the final moult the wings of the emerging adult are 
small and crumpled, gradually expanding to their full size (Fig. 102). 

Hardening and darkening of the cuticle which follow moulting have been 
studied by Pryor;*®® these changes are brought about by the formation of 
a protein similar to that found in the cockroach ootheca. A water-soluble 
protein and a dihydroxypheno) (probably dihydroxypbenyl acetic acid) 
are secreted into the outer layers of the cuticle where the protein is oxidised 
to form sclerotin. It is this which is responsible for giving the cuticle its 
rigidity and tanned appearance, the process being under the control of the 
hormone, bursicon (p. 146). 

The sclerotised parts of an insect’s body increase in size only at ecdysis 
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SO that linear growth is discontinuous. The elasticity provided by the 
inters-egmental membranes of the body does, however, allow an increase in 
weight between moults. Many generalisations have been put forward for 
the growth of insects as a result of studies on particular species. One of 
these (Przibram’s Rule), based on studies with the Egyptian praying mantis, 
is that moults occur when the weight of iht insect has doubled, and linear 
measurements of each stage increase by \/2 or I *26. Dyar’s Law, based on 
the measurements of head capsules of lepidopterous larvae, shows that 
linear grov/th between moults increases geometrically by a factor of 1*4 
{■\/2). Wigglesworth^®® has pointed out the limitations of these rules as 
applied to insects in general; rarely do all the separate parts of an insect 
increase at the same rate, and rarely is the velocity of growth constant 
throughout the period of development of an insect. 

Increase in weight 

One of the most detailed studies on the increase in weight of a cockroach 
during development has been made on B. gernwnica;^^^ isolated insects 
of an inbred laboratory strain were fed a constant diet and weighed daily. 
The usual number of moults in the German Cockroach is six but some 
individuals may have seven moults or occasionally more. These additional 
instars usually occur earlier in development rather than later. 

Because active growth is punctuated by moults, increase in weight is 
irregular; weight is actually lost before and during a moult, since the insect 

Table XX 

MAXIMUM WEIGHT (Mg) OF THE NYMPHAL INSTARS OF B. 
GERMANICA AND MINIMUM WEIGHT AFTER MOULTING. TIME 
(DAYS) IN PARENTHESES. NYMPHS REARED IN ISOLATION AT 
ll-^QTC 

(After Woodruff***) 


Nymphal 

stage 

Males j 

Females 

Minimum 
after moulting 

Maximum 

Minimum 
after moulting 

Maximum 

I 

(hatching) 

2-5 (3-7) 

(hatching) 

2-6 (3-9) 

II 

2-2 (5-8) 

S I (10 0) 

1 2-2 (5-8) 

51 (9 2) 

HI 

4-5 (12-1) 

9 1 (170) 

4 6(11-0) 

9 9 (15-7) 

IV 

7-9 (19-4) 

16-7 (26 8) 

9 0(17-5) 

18-4 (24 7) 

V 

14-6 (29 0) 

30*3 (36-6) 

16 3 (27 1) 

35-5 (34-1) 

VI 

27-6(39 4) 

55-3 (48*5) 

32-1 (370) 

68-2 (45-4) 

Adult 

45-0 (53-7) 

- 

57-4 (49 4) 

- 
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Fig. i04. 'm weight of P. omtritona during nymphal 

deveiopmenf. Dirtcrences between nufes and females occur 
only in the last stage nymph and the adult (after Cier“). 


pats sparingly for a few days before cedysis, and there is also a loss of water 
while the cuticle is soft. As a result, the minimum weight of the insect at 
the beginning of each stage is noticeably lower than the maximum of the 
preceding stage (Table XX), In addition to changes in weight at the moult, 
there may also be periods between moults when growth is retarded, but 
there is little correlation in the occurrence of this retarded growth, or Jts 
extent, in different individuals (Fig. 103). 

Both sexes of the German Cockroach increase in weight by the same 
amount during early life, but differences occur towards the end of the third 
nymphal stage and become more pronounced thereafter, with the result 
that adult females weigh some 20 per cent heavier than males. This, hoW' 
ever, is not so in the American Coda^ach” which normally has 10 
nymphal stages and in. which differences in weight of the sexes are not 
detectable until the last nymphal instar (Fig. 104). 


Increase in size 

Following a moult, feeding is resumed and there is then a sudden increase 
in the length of the body caused principally by enlargement of the abdomen. 
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Sclerotised structures, however, such as the legs, can increase in size only 
at the moult. WoodrufP“‘ has made observations on four sclerotised 
structures of the German Cockroach to see if all increase in size by the 
same amount, and if the rate of increase of each is constant throughout 
development. The structures measured were the greatest width of the head, 
including the compound eyes, the greatest width of the pronotum and the 
length of the tibiae of the meso- and metathoracic legs. The ratio of increase 
was obtained by dividing the size of the structure in one stage by its size in 
the preceding stage. Each structure appeared to have its own rate of 
development and the average growth ratios obtained were 1-34 for the 
metathoracic tibia, 1-32 for the mesothoracic tibia, 1-24 for the pronotum 
and 1-18 for the head. 

Woodruff has shown that the rate of development varies from one 
instar to the next; the growth curves for the four structures (Fig. 105) show 
a dimimshing rate of increase in size with successive instars. The pronotum, 
for example, increases in size more rapidly than the other structures, but 
its development is complete by the fifth nymphal instar. Each part of the 
insect therefore has its own characteristic rate of growth, with differential 
rates for some and more regular rates for others. This same conclusion 
has been reached by Gier’* from measurements on developmental stages 
of P. aiuericana. 



Fig. 105. Growth curves for s;lerotised parts of the German cock- 
roach (after WoodriifP®')- 


Number of moults and loss of appendages 

The number of moults in different species of cockroach varies considerably, 
but each has a reasonably constant number with the exception of a few 
individuals which appear to require an additional one, or occasionally 
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two, before reaching maturity. In general, additional ecdyses appear to 
arise under adverse environmental conditions and can frequently be 
induced by maintaining cockroaches on a deficient diet. During investi- 
gations by Seamans & Woodruff*®* evidence was obtained that loss of 
legs can also induce an extra moult. To test this, one or two legs of newly 
emerged nymphs of the German Cockroach were deliberately amputated 
between the trochanter and femur. A single amputation involved the meta- 
thoracic leg and a double amputation included the mcsothoracic leg of the 
other side. All amputations were made within 24 hours of hatching from 
the ootheca. 

All uninjured cockroaches passed through six nymphal stages to reach 
maturity, but seven moults were required by nine out of 41 insects (22 per 
cent) with one amputation, and by 26 out of 73 cockroaches (36 per cent) 
with two legs removed. In no instances were more than seven moults 
observed. 

Injury therefore appears to influence the need for an additional growth 
period and the greater the injury the more desirable an extension of 
nymphal development appears to be. Seamans &. Woodruff comment on 
two striking features in connection with extra moults; first, the ultimate 
size attained by sclerotised parts is slightly greater in insects with a super* 
numary moult, and second, the additional instar is not merely appended 
to the sixth, but compensating growth, towards an increased size, becomes 
obvious early in nymphal development and is evident for the greater part 
of the developmental period. The overall growth rate of sclerotised struc- 
tures is therefore reduced to allow time for the amputated leg to be re- 
generated. Thus measurements on different structures of amputated insects 
(Fig. 106) show a reduced rate of growth of the tibia, first apparent after 
the third moult. Slower growth of the head capsule can be detected at least 
at the second, or perhaps even the first ecdysis. 

Regeneration of appendages 

In contrast to higher animals, insects have an exceptionally high ability to 
regenerate a lost or injured appendage. A study made with B. germanica^ 
indicates that cockroaches have at least 14 well-defined breaking points, or 
points of weakness: one on each of the antennae between the first segment 
(the scape) and the second (the pedicel) and two on each leg, at the im- 
movable junction of the trochanter and femur and at the ball joint of the 
tibia and tarsus (Fig. 1 14). There are apparently no such weaknesses at the 
joints of the mouthparts or along the cerct although these may be separated 
if sufficient stress is applied. The flagellum of the antenna can also be 
broken at any of its segments but there is no indication of any specific 
breaking point along its length. The entire tarsus readily disengages from 
the tibia when pulled from the distal end but again there is no evidence of 
a fracture point between the segments. Clearly ‘insects derive mater- 
ial advantage from the possession of predetermined loci of weakness in as 
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much as a leg or antennal segment may be easily severed at one of these 
points when subject to external pull as might be exerted in the grasp 
of an enemy’.®'’^ 

In all insects and other Arthropods regeneration of lost appendages can 
occur only at ecdysis. If injury is inflicted on a cockroach just before a 
moult, regeneration of the lost part may be delayed until the moult follow- 
ing the next instar; the regenerated parts are usually smaller than the 
normal structure, but with each subsequent moult the new structure grows 
larger and given time may reach the size of a normal appendage. 

Breaks along the flagellum of an antenna are readily regenerated and if 
the break occurs near the tip, the pair are usually equal in length after the 
following moult, or by the second moult. Should the break, however, occur 
at the point of weakness, between the scape and the pedicel, regeneration 
occurs more slowly and the resulting flagellum is considerably smaller in 
diameter and length. Woodruff has shown that the cerci of the cockroach 
may be regenerated in much the same way. 



Moults 


Fig. 106. Size of sclerotised parts of B. germanica undergoing six 
moults (normal) and seven moults (following, e.g. amputation at 
eclosion). The size of the parts in the adult are shown by open circles 
(after Seamans & Woodruff***)- 
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When breaks occur in the legs, the formation of a new tarsus takes place 
with much greater facility than when more leg segments are involved, and 
the regenerated tarsus almost invariably occurs with the next moult; it is 
frequently normal in length, but without exception consists of four sub- 
segments instead of the normal five. Should a break occur between the 
trochanter and femur, the lost parts arc also regenerated at the next moult, 
but according to Woodru/F the leg always has the reduced number of 
tarsal segments; the leg is smaller in size, but otherwise normal. Mutilation 
of one leg apparently has little effect upon the regeneration of another 
except that the normal movements of the insect are impaired. Multiple 
injuries to the legs or to the legs and antennae have no effect on rate of 
regeneration. 

Effects of individual and communal rearing 

There are many examples, particularly from studies on pests of stored food, 
that the density of insects in an environment influences their develop- 
mental period, fecundity and mortality. Under laboratory conditions these 
effects can be attributed to metabolic heat generated by the insects within 
the culture medium, cannibalism, mutual disturbance, and food availability. 

The effects of population size an the development of cockroaches has 



Population density (insects per container) 


rit:. 107. The cfTccti of denMiy on the mortaliiy. de\cIopmenta1 pcriiHl. body 
wcithl and lengUj (antenor edge of prothorax to anui) of D. orifniallt reared 
in ttindard tuc conUmen at 2t C and RH (from Lando\s%ki«‘). 



GROWTH, DEVELOPMENT AND NATURAL ENEMIES 237 

been examined by LandowskP^ for newly emerged nymphs of B. orienlalis 
reared singly and ingroups of 2, 4, 6 and 16 in standard sized containers. 
Mortality increases with density (Fig. 107), but the number of moults 
remains constant. All insects require the same developmental period for the 
first eight stages, but from the ninth moult onwards, the development of 
solitary nymphs lags noticeably behind. Heavier and larger adults are 
obtained when nymphs are reared in isolation, and both body weight and 
length decrease substantially with increasing population. Landowski 
attributes these results to an ‘interference factor’ (increased collisions 
during movement) rather than to shortage of food or oxygen, or to the 
accumulation of faeces. An increase in the period of development of cock- 
roaches reared in isolation has also been noted by Pettit®“^ for B. germanica 
at temperatures up to 23-25°C and by Willis et al.** for a number of 
species (Tables Vll-X). Griffiths & Tauber^ have recorded poorer repro- 
ductive performance of mating pairs of P. americana reared in small, 
compared with large, containers. Unfortunately, no detailed information 
is available on the rale of growth of pest species of cockroach at different 
densities in their natural surroundings. 

Effects of Diet 

The range of foods available to pest cockroaches in infested premises 
is usually very wide. To obtain information on the precise dietary needs 
of cockroaches it is necessary to make tests under sterile conditions in 
which the insects are fed a diet of known chemical composition. Cock- 
roaches normally accept a variety of foods, but a high proportion of their 
intake consists of carbohydrates, which they are well equipped to digest 
with the abundance of carbohydrate-splitting enzymes in the gut (p. 128). 

Many materials have been used as diets for maintaining stock colonies 
of cockroaches, including ground cereals, baby food, dog biscuits, dried 
skimmed milk powder, baker’s yeast, bread, banana, raw potatoes and 
raw meat. In tests undertaken by Melampy & Maynard®°® in which natural 
foods were fed to seven-day-old nymphs (2*5-3 mg) of B. germanicoy the 
average weights obtained after 42 days were 4- 1 mg on wheat flour, 4*4 on 
commercial baby food, 6-3 on dried whole milk, 10*9 on dried skimmed 
milk, 19*1 on ground whole meat, 22*3 on a I il mixture of whole wheat 
and dried blood, 22*8 on a mixture of whole wheat and dried skimmed 
milk and the highest, 23*5 rag, on dried beef steak. The poor results 
obtained with dried whole milk and commercial baby food demonstrate 
that the requirements for development of cockroaches are quite unlike 
those of the young mammal. 

Protein requirements 

Various attempts have been made to establish the protein requirements of 
cockroaches; Noland ct found that the growth of B. germanica was 
fastest on a diet of 30 per cent casein. Noland & Baumann2°® later suggested 
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that 40 per cent was required for optimal growth, and for P. americana 
Sieburth et found that 25 per cent casein best fulfilled the insect’s 
protein demands. 

Subsequently, Haydak®’* fed German, Oriental and American Cock- 
roaches on diets containing various amounts of protein: the most rapid 
development and lowest nymphal mortality (Table XXI) occurred on 22- 
24 per cent protein for both the German and Oriental species, whilst for 

Table XXI 


INFLUENCE OF PROTEIN LEVEL ON THE MORTALITY OF NYMPHS 
AND THEIR RATE OF DEVELOPMENT TO ADULT 
(Data from Haydak***) 


Protein level 
(%) 

Mortality 
(as nymphs %) 

Nymphal 

development 

(days) 

Total nymphal and 
' adult life span 

(days) 



Blattella germanica 

11 

38 

162 1 

444 

22-24 

12 

115 

338 

49 

12 

150 

236 

74 

38 

136 

213 

86-91 

100 

- 

- 



Biatta orientalis 


11 

69 

m 1 

668 

22-24 

14 

270 

492 

49 

36 

265 ! 

419 

74-79 

51 

316 

407 

86-91 

85 

325 

358 



Periplaneta americana 

11 

75 

787 1 

1,391 

22-24 

32 

431 1 

1,172 

49-79 

20 

366 ! 

1,058 

86-91 

28 

378 

844 


the American Cockroach it was 49-79 per cent. Protein level greatly 
affects the longevity of all three species (Table XXII); the optimal level is 
1 1-24 per cent for B. germanica, 22-24 per cent for B. orientalis, whereas 
for P. americana it is very variable at 2*5-49 per cent. 

Precise information on the requirements of Insects for different dietary 
constituents has been handicapp^ by the difficulty of formulating a com- 
pletely ‘synthetic’ diet of known chemical composition on which insects 
will grow.®*® Noland et studied the growth rate of nymphs of B. 
germanica on four diets at 29‘’C: those fed on crude diets matured in 40 
days compared with 49-55 days on synthetic media. The insects were also 
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noticeably larger (42-45 mg) after 30 days development on the crude diets 
compared with only 25 mg on the synthetic. 

A. deficiency of one or other amino acid in the diet of some insects has a 
drastic effect on body weight, but in Blaitella deficiency symptoms are 
much less obvious. The omission of any one of the ten ‘essential’ amino 
acids from the food of the German cockroach (i.e. amino acids apparently 

Table XXII 


INFLUENCE OF PROTEIN LEVEL IN DIET ON THE LONGEVITY OF 
ADULT COCKROACHES 
(Data from Haydak***) 


Protein level 
(%) 

Protein intake {mgjday^ 

Males Females 

Longevity (days) 
Males Females 



Blattella germanica 


11-24 

02 

03 

207 

270 

49 

07 

_ 

123 

_ 

49-74 

_ 

1-3 

_ 

114 

74-79 

09 

_ 

86 

_ 

79-91 

_ 

1-2 

_ 

74 

86-91 

1-2 

- 

68 

- 


^ 0-2 

Blatta oricnralis 


O-II 


_ 

204 

_ 

22-24 

11 

2-4 

233 

185 

49 

2-4 

5-2 

148 

151 

74-70 

3-5 

_ 

109 


74-79 


6-4 ; 

_ 

90 

8&-91 

3-7 

7.2 1 

1 

56 

63 



Periphneta americana 


0-5 

_ 

03 ' 

- 

618 

2-5-11 

0-5 

_ 

791 

_ 

11-49 

_ 

1-7 

_ 

726 

22-24 

1-3 

_ 

825 

_ 

49 

2-6 

_ 

790 

_ 

74-79 

5-2 

5-9 

560 

613 

86-91 

5-4 

5-8 

S16 

474 


required by most insects for full development and adult survival) causes 
only a slowing of growth rate and a reduction in longevity. Only by the 
omission of alanine and leucine from the diet of S. germanica have marked 
deficiency effects been observed. A diet deficient in alanine causes a pro- 
nounced reduction in growth, but the presence of this amino acid in the 
tissues of cockroaches fed an alanine-free diet indicates that some is synthe- 
sised by the insect itself. Tests with cockroaches on a range of anuno acids, 
normally required by insects for healthy development, point to the con- 
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that 40 per cent was required for optima! growth, and for P. americana 
Sieburth et found that 25 per cent casein best fulfilled the insect’s 
protein demands. 

Subsequently, Haydak*** fed German, Oriental and American Cock- 
roaches on diets containing various amounts of protein: the most rapid 
development and lowest nymphal mortality (Table XXI) occurred on 22- 
24 per cent protein for both the German and Oriental species, whilst for 

Table XXI 


INFLUENCE OF PROTEIN LEVEL ON THE MORTALITY OF NYMPHS 
AND THEIR RATE OF DEVELOPMENT TO ADULT 
(Data from Haydak***) 


Protein level 
(%) 

Mortality 
(as nymphs %) 

Nymphal 

development 

(days) 

Total nymphal and 
adult life span 
(days) 



Blattella germanica 

11 

38 

162 

444 

22-24 

12 

115 

338 

49 

12 

150 

236 

74 

38 

136 1 

213 

86-91 

100 

1 

- 



Blatta orientalis 


11 

69 

382 

668 

22-24 

14 

270 

492 

49 

36 

265 

419 

74-79 

51 

316 

407 

S6-91 

85 

325 1 

358 



Periplaneta americana 

It 

75 

787 

1,391 

22-24 

32 

431 

1,172 

49-79 

20 

366 

1,058 

86-91 

28 

378 

844 


the American Cockroach it was 49-79 per cent. Protein level greatly 
affects the longevity of all three species (Table XXII); the optimal level is 
1 1-24 per cent for B. germanica, 22-24 per cent for B. orientalis, whereas 
for P. americana it is very variable at 2*5-49 per cent. 

Precise information on the requirements of insects for different dietary 
constituents has been handicapped by the difficulty of formulating a com- 
pletely synthetic’ diet of known chemical composition on which insects 
will grow.®’** Noland et al?°^ studied the growth rate of nymphs of B. 
germanica on four diets at 29®C: those fed on crude diets matured in 40 
days compared with 49-55 days on synthetic media. The insects were also 
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noticeably larger (42^5 mg) after 30 days det e!oon-t ■ ' 
compared with only 25 mg on the synthetic. = 

A deficiency of one or other amino acid iii the di-i r 
drastic effect on body weight, but in BlaUelh dr'r^ 
much less obvious. The omission of any one of th - 1 ^ 
acids from the food of the German cockroach (i c ' • 


INFLUENCE 


Table XXII 
OF PROTEIN LEVEL IN DIET ON To. 

ADULT cockroachb 

(Data from Haydako*^ 



required by most insects for full development and 


omission of alanine and leucine from the diet of B a- 

deficiency effects been observed. A diet deficient 
nounced reduction in growth, but the presence of 
tissues of cockroaches fed an alanine-free diet indicaj/’* 
sised by the insect itself. Tests with cockroaches ona^''<?^ii* 
normally required by insects for healthy 
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elusion that Blattella, at least, is capable of synthesising many, if not 
those that it requires, by means of its symbionts. The following am 
acids appear unnecessary in the diet of the German Cockroach or can 
synthesised by the insect: threonine, cystine (provided methionine 
present), glutamic acid, aspartic acid, phenylalanine and tyrosine. 

Vitamins 

The vitamin requirements of insects are in general very similar to those 
mammals, but the needs of the German Cockroach appear strikin 
different. Two possibilities arise; either the German Cockroach ' 
synthesise vitamins in its tissues or symbiotic microflora are responsil 
Brooks & Richards^” attempted to deprive cockroaches of their symbio 
by feeding them aureomycin. Nymphs so treated were unable to grow o 
diet which was adequate for normal nymphs, but it was believed that 
aureomycin adversly affected the metabolism of the insects as well as 
microflora. 

Vitamin A is necessary to support the growth of rats, but the cockroi 
can develop normally in its total absence.*^* This was proved by exposin 
mixture of equal parts of whole wheat flour and dried skimmed milk to ! 
air at IIS’C for six hours to destroy any vitamin A or carotene, its f 
cursor. The insects grew better on the heat*treated diet than on 
original. Extracts of fat from the insects reared on the vitamin A>free ( 
showed that this vitamin had not been synthesised. 

Studies on the importance of vitamin B to the German Cockroacl 
show that the weight of nymphs increases when fed vitamin B in increas 
amount. Linear increases occur when the vitamin is supplied as dr 
baker’s yeast at all concentrations up to 20 per cent. When given as vitar 
B concentrate, however, the linear increase ceases at three per cent, t 
further amounts of vitamin in the diet have no effect on body weight (f 
108). In tests on vitamin C (ascorbic acid) Wollman el were able 
rear German Cockroaches for 46 generations under sterile conditions 1 
culture medium free of this vitamin. At the end of that time the inse 
contained as much vitamin C in their tissues as did normal cockroacl 
and in this instance it is believed that the symbionts were responsible. 

Most insects have a requirement for choline and in Blattella the need 
this vitamin is high, up to 4 mg/g of diet.*” Insects make heavy demai 
on sterols and unlike higher animals arc not capable of synthesising thr 
This demand can be satisfied by the addition of cholesterol to the diet 1 
in Blattella this can again be synthesised, probably by the symbionts.’* 

Seasonal variation in dcsclopmcnt 

. In the greater part of the world, cockroaches can exist as pests in unheai 
buildings sshcrc their rate of desxlopment is influenced principally 
ambient temperature, assuming that food, water and harbourage j 
adequate. In a temperature controlled environment of 82'F (27-8'’C), i 
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Fis. 108. Wtight of youoB nymphs of B. germanlca after 

■<2 days at 27-2S"C on diets containing increasing amounts of s itamin B 

as a concenirate or as yeast (from Mclampy & Maynard ). 


American Cockroach can reach maturity in 145 to fbmid 

Jiormal room conditions in Indiana development to Jeveloo- 

require as long as 971 days." Among sU ^ ® ach wL 

'Dent time was recorded, maturity of the Brown-bande _ Farenheit 
more influenced by temperature than any oeriod of 

m temperature between 76-86'’F the k found in 

is reduced by about 11 days (Fig- 109). This species is founa 
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the nest. The female wasp feeds the larvae with insects or spiders that she 
brings to them and it is probable that the inquiline cockroaches living on 
the floor of the nest feed on any small fragments of food that may drop 
from the wasp larvae in the cells above. 

Natural enemies of cockroaches 

Cockroaches have many and varied associations with a wide range of 
organisms including bacteria, helminths, arthropods (mites, spiders, scor- 
pions, centipedes and other insects) and various vertebrates (amphibia, 
reptiles, mammals and birds). For a detailed account of these associations 
reference should be made to the review by Roth & Willis,* who have 
emphasised the difficulty in distinguishing between those associations which 
are harmful to cockroaches and those which appear neither to harm or 
benefit the partners of the association. There are, however, a number of 
clearly defined instances of predation and parasitism on cockroaches, 
notably on their eggs and immature stages. 

Hjmenoptcra 

Representatives of six families of Hymenoptera are known to be capable 
of developing on cockroach eggs. Examples of these are species of E\ania 
and Hyptia (Evaniidae) and Tetrastichus (Eulophidae). A number of wasps 
prey on cockroaches and carry them Into crevices, or back to their nests, 
as a source of food on which to lay their eggs. Examples of cockroach- 
hunting wasps are species of AmpuleXy Podium and Tachysphex. 

Evania appendigaster 

This parasitic wasp (Fig. 1 10) is distributed throughout the tropics and 
subtropics and parasitizes the oothecaeofF. americana and P. australasiae. 
It has also been recorded from B. orienfalis in Hungary and Egypt, and has 
been introduced and established in Britain. Its biology has been studied by 
Cameron:®*® the female lays one egg in each ootheca, puncturing the egg 
case with her ovipasiCcr, and tafdag up to half an hour to deposit the egg. 
The resulting larva consumes the entire contents of the ootheca and pupates 
within. This parasite may have three or four generations per year and is 
not uncommon in cockroach-infested premises, where it may exercise some 
control over its host. Attempts have been made to introduce this parasite 
into certain areas for control purposes; it has established itself satisfactor- 
ily, but there is no supporting evidence to indicate its effectiveness in 
biological control. 

Hyptia spp. 

From 459 oothecae of Parcoblatta (mainly P. pensylvanicd) collected from 
under loose bark of dead trees, Edmunds*** obtained a total of 1,213 speci- 
mens of four species of parasitic Hymenoptera. These were Hyptia 
barpyoidcs (Fig. 1 1 la) and Hyptia thoracica, which were present in almost 
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seven per cent of the egg cases, there being one parasite per ootheca. 
They over-winter in the last larval stage, eventually emerging by chewing 
a hole 2 mm in diameter in the wall of the cockroach ootheca. The other 
parasites obtained were Systelhgasier ovivora (Ptcromalidae) with 262 
adults in 11 oothecae, and Syniomosphyrum blattae (Eulophidae) which 
yielded an average of 92 wasps from each of ten oothecae. These species 
make minute exit holes in the egg case and may make two or three in the 
same capsule.®” 

Tetraslichus hagenowi 

This is a small eulophid wasp (Fig. 1 1 lb), also widely distributed and 
a natural parasite of the oothecae of P. americana, P. australasiae, P. 
fulginosa, B. orienfalis and species oi Parcoblatla. It has not been found in 
Britain. The biology of this parasite has been described by Roth & 
Willis,*” and by Cameron:*** several eggs are laid in one ootheca and 
development is complete in 30-60 days depending on temperature and the 
number of wasp eggs laid. In oothecae containing few wasp larvae some 
cockroach eggs may complete their development and hatch. Tetraslichus 
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can have as many as six generations per year and oothecae of 
Wood Cockroaches may each give rise to as many as 100 adult 
parasites.^'’ 



Fig. 111. (a) Adult of Hyptia harpyoidcs with an 
ootheca of Parcoblatta sp. from which it has 
emerged, (b) Tetrastichus hageiMwi ovipositing in 
anootheca ofF. o/ner/cono. (Courtesy: Drs. Roth 
& Willis, U.S. Anny Natick Laboratories.) 


Ampulex compressa 

This cockroach-hunting wasp is 1 5-25 mm long with a shining blue-green 
body and red femora. It is endemic throughout India, Burma and Ceylon, 
and its distribution extends into Africa, China, St. Helena and into some 
of the islands of the Indian Ocean. Williams**® has described the biology 
and parasitic habit of this insect. 

From observations in captivity, Ampulex compressa attacks the cock- 
roach (P. americana and P. australasiae) from the side, in the region of the 
prothorax, and in a short lightning leap seizes the edge of the pronolum, 
immediately plunging her sting into the thorax. The wasp then cuts off the 
cockroach antennae about half Avay along their length and drags the insect 
into her nest. There, an egg (2 mm long) is glued to one of the mid-coxal 
plates and the nest is packed with debris to imprison the still active victim. 
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If the egg fails to hatch, or the larva dies when it is young, the cockroach 
may survive for many weeks. 

The egg of Ampulex hatches in about three days and the larva feeds at, 
or near, the spot where it hatches, living externally on the coxal plate of 
its victim for four to five days. Entry Into the cockroach occurs at the 
junction of the mid-coxa and the body; the larva feeds extensively within 
its weakening host, hollowing out its body even to the base of the legs. A 
cocoon of silk is then formed within the dead host. Development from egg 
to pupa varies from 34 to 140 days and there is often a resting larval stage 
within the cocoon before pupation occurs. At emergence, the wasp bites 
its way out of the dried cockroach. A female wasp once mated appears 
capable of parasitising dozens of cockroaches. 

Podium spp. 

These wasps occur in the southern United States”’ and have the habit of 
taking over the nests of the mud-daubing wasp Sceliphron caementarium. 
Podium cardina captures nymphs of Parcoblalla pensyhanica about one- 
third grown, on which she lays an egg, the host then being stored between 
mud partitions. The habit of using cockroaches as prey, is also character* 
istic of other species of this genus: P. rufipes, a solitary mason-wasp, 
collects Wood Cockroaches and places them in columns of clay. P> 
flavlpeme digs a burrow in the ground about two inches deep: she stings 
the cockroach and carries the paralysed insect back to the nest where an 
egg is deposited behind the front coxa. This wasp carries water in her 
mouth to soften the clay as she makes her excavations and seals the nest 
containing the cockroach hosts with mud. 

Tacbysphex lativahis 

The only British insect recorded as preying on cockroaches is the sand 
wasp, Tacbysphex lativahis, which stocks its underground burrows with 
cockroach nymphs. 

Other predators and parasites 

A number of predators have been observed using cockroaches and their 
oothecac as food. Oothecae often become infested with larvae of dermestid 
beetles and nymphal stages are taken by the edible frog.*® There are 
also numerous references in the literature to cockroaches found among the 
stomach contents of many species of frog and lizard. Rau quotes Wood 
(‘Insects at Home’) as saying that the cockroach is a favourite food of 
many animals and ‘the hedgehog is so partial to it that one of these animals 
is sometimes kept in the kitchen for the express purpose of destroying these 
pests . The same author also records cockroaches being eaten by garter 
snakes. In Puerto Rico, Pimental”* found the insects in about 30 per 
cent of mongoose stomachs he examined, and mice, shrews and other 
small mammals were also predacious on cockroaches. 
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Overcrowded cultures in the laboratory often become infested by mites. 
Rau®* found that the food used to rear Oriental Cockroaches often became 
infested ^\’ith the ‘mushroom mite' Tyrophagiis lintneri, but the mites did 
not affect the health or mortality of his insects. The same author^ believed 
that damp rearing conditions were responsible for the appearance of 
enormous populations of the mite FOitzoglyphus tarsaUs in cultures of 
P. americana. These developed first on the mouldy food and then 
attacked living as well as dead cockroaches. The cockroach imiQ Pimelia- 
philiis cunlijjei (previously P. podapolopophagus) (Fig. 112) lays its eggs 
indiscriminately in rearing cages and the nymphs feed on living and 



Rg. 112. The cockroach mite 
PimeliaphUns ciinUffei (after 
Baker et of.”*). 


dead cockroaches, sometimes completely destroying laboratory cultures.®^* 
The life history of this species has been described by Baker et who 
indicate that one gravid female can give rise to several hundred mites under 
favourable conditions. Field et quote instances of cultures of Oriental 
Cockroaches destroyed by this mite and of American Cockroaches which 
became heavily infested, with more than 180 mites in various stages of 
development observed on a single insect. Egg cases removed from infested 
colonies of P. americana and B. gennanica failed to produce young. 
The same destruction can apparently occur in cultures of Nauphoeta 
cinerea attacked by the ant Pheidole megacephala}°^ 

Defence mechanisms against predators 

The principal defence mechanisms of cockroaches against natural enemies 
are their agility and concealment during the day. The effectiveness of 
‘cockroach odour’ secreted by the cuticular glands in warding off predators 
is unknown. At least three species, however, secrete defence sprays.®-® 
Eurycotis Jloridana and Ncostyhpyga rhombifoUa have a single gland 
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on the underside of the abdomen and the spray is ejected posteriorly; by 
turning the abdomen towards the stimulus these species can direct the 
spray with some degree of accuracy. 

Diploptera punctata has two glands on opposite sides of the abdomen 
just behind the thorax; only that gland on the side of the body stimulated 
discharges at any one time and the spray is more broadly dispersed than 
that of the other species. Each gland has a sac-like reservoir in which the 
secretion is stored and this reservoir is associated with tracheoles which 
are thought to be responsible for expelling the secretion. The glands of 
Eurycotis and 'Ncostylopyga are blind and in these species it is believed 
that ejection occurs by contraction of the muscles around the walls of the 
reservoir. 

Tests of these defence mechanisms have shown that the spray of Diplop- 
tera repels most ants, carabid beetles, spiders and frogs. It produces un- 
co-ordinated movements of ants and beetles but recovery occurs within a 
few minutes. Eurycotis and Ncostylopyga are not so adept at repelling 
other insects, but the fluid ejected by them is efiective in repelling birds, 
lizards and frogs, especially if the spray contaminates the eyes.®** 

In addition to odours and defensive sprays, Roth & Hartman**’ are of 
the opinion that courtship stridulation in Nauphoeta cinerea (see p. 114) 
may have evolved as a ‘disturbance sound’ used for defence against 
enemies. 
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Voluntary movement: behaviour at rest; flight and running; articulation of the legs — 
Mass migration; distance of movement; effects of population pressure; influence of 
season — ^Night activity; night inspection — Measurement of the circadian rhythm; in- 
fluence of temperature and food; chants in light and darkness; control mechanism of 
diurnal rhythm; changes in the neurosecretory Qcle; reset mechanism of the neuro- 
secretory cycle 

Involuntary movement: international dissemination; quarantine — Insects carried in 
aircraft; cockroaches m aircraft before World War II; cockroaches taken from aircraft 
in New Zealand; P. britnnea introduced into Britain — CockToachcs carried by ships; 
incidence in food storage and food handling areas of ships; incidence in ships' holds — 
Establishment of new infestations. 


Movement of cockroaches may occur in two ways : ( 1 ) vol untary movement 
over relatively short distances by running and flight, and (2) involuntary, 
or man-assisted movement over longer distances, the insect being carried in 
merchandise, by road and rail, and internationally by aeroplanes and ships. 

For convenience we shall consider these two types of movement separ- 
ately; under the heading of voluntary movement mention will be made of 
the reports of mass migrations of cockroaches and the studies undertaken 
with insects marked with paint and radioactive substances to provide 
information on the distance of movement. Information of this type is of 
considerable importance where it is suspected that cockroaches may have 
access to disease organisms and be capable of spreading them, for example, 
from sewers into nearby houses. Also under the heading of voluntary 
movement we shall examine some of the laboratory studies undertaken to 
explain the characteristic activity of cockroaches at night and their relative 
immobility within harbourages during the day. This is a feature not only 
of cockroaches, but of the behaviour of many insects of economic impor- 
tance, notably of bitingfiies, midges, mosquitoesand many species of moths. 

Under the heading of involuntary movement we shall discuss the im- 
portance of preventing the spread of unwanted insects around the world, 
the functions of quarantine, and the records of cockroaches found in 
aeroplanes and ships, both in the accommodation and among cargoes in 
holds. 


VOLUNTARY MOVEMENT 

Local movements of cockroaches arc known to be influenced by a large 
number of factors, which together cause the insect to secure the optimum 
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Fig. 113. Seclion of a narrow crevice showing the characteristic rest 
position of a cockroach within a harbourage. 


Behaviour at rest 

Cockroaches spend at least 75 per cent of iheir time at rest during which 
the pest species adopt a characteristic posture: the antennae point for- 
wards and obliquely upwards angled at about 60° to each other. The legs 
hold the body a little above the surface, the terminal segment of the 
abdomen, or the ootheca if carried, rests on the supporting surface. The 
cerci extend in a slightly raised position, more vertical in nymphs than in 
adults. There appears to be no preferred orientation, that is to say with the 
body horizontal or vertical, with the head downwards or upwards, sup- 
ported by, or hanging from a surface. 

Within a harbourage the rest position is characterised by the antennae 
often being extended outside the harbourage so that these are the only 
structures visible (Fig. 113). The legs are held much closer to the body and 
the cerci are extended either horizontaily or in contact with the supporting 
surface. In all species, the insect is able to compress the body considerably 
so that even minute crevices provide potential harbourages. Wille^** has 
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measured the minimum gaps within which the various stages of the German 
Cockroach are able to run. Whether or not the insect has fed does not 
influence the size of the crevice, but gravid females and those carrying 
oothecae require larger harbourages than males (Table XXIII). 

If adult German Cockroaches are given a choice of spacings in which to 
harbour, ranging from ^ to half an inch, 85 per cent of the insects congre- 
gate in spaces ^ inch wide (4.8 mm).®** The odour left in harbourages by 
cockroaches has a strong influence on their selection of resting sites, 83 
per cent of insects occupying previously used harbourages when given 
the choice. 


Table XXIII 

MINIMUM VERTICAL DIMENSIONS OF HARBOURAGES IN WHICH 
THE DEVELOPMENTAL STAGES OF B. CERMANICA ARE ABLE TO 
MOVE 

(From Wille*-*) 


Nymphs 

mm 

' Adults 

mm 

First 

0-5 

Male; having eaten 

1-6 

Second 

0-5 

without having eaten 
Female ; having eaten 

1-5 

F6 

Third 

Fourth 

0-8 

without having eaten 
with ootheca rotated 

1-6 

10 

horizontally 

2-9 

Fifth 

1-4 

before ootheca rotated 
gravid, one day before 

3-3 

Sixth tmale & female) 

1-6 1 

ootheca formation 

4-5 


Flight and running 

The German Cockroach and species of Periplanela are capable of gliding 
flight, but this is not usually displayed except at very high temperatures. 
In the United States, the Brown-banded Cockroach is often attracted to 
lights in houses and has been observed flying indoors and out; this species 
does tend to fly when disturbed. Some of the outdoor woodland species 
(Parcoblatta) are capable of flight over long distances. A number of 
cockroaches have lost the ability to fly, and the protection to the abdomen 
offered by the tegmina and wings, betause these have been reduced either 
in one sex (B. orienfa/is) or in both sexes (JE, floridand). 

The legs of cockroaches are well-developed for rapid movement. Their 
length enables the body to be raised well off the ground and with one 
exception, all the pest species are capable of climbing relatively smooth 
surfaces (glazed tiles and metal) immediately upon hatching from the 
ootheca. The Oriental Cockroach is not very adept at climbing because it 
IS without an adhesive organ (arolium) between the claws. 
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Articulation of the legs 

The agility of cockroaches can be attributed in some measure to the very 
efTicient articulation of the joints of the legs. There are three types (Fig. 
114): a ball and socket joint between the tibia and tarsus which allows 
multidirectional movement of the tarsal segments; condyles (or knuckle 
joints) at the junctions of the tibia and femur, and of the trochanter with 


Tibia Condyles 



Fig. 114. Structure of the cockroach leg and the articulation of the 
various parts with each other and with the thorax. (Ventral view, 
P. americana.) 


the coxa, allowing movements in one plane only; finally a hinge joint be* 
tween the coxa along most of its length with the trochantin (the pleurite of 
the thorax to which the legs are attached). The three pairs of legs are all in- 
volved in walking; the forelegs, principally in gripping, the mid pair raising 
the thorax and abdomen off the surface on which the insect is moving and 
the hind pair providing thrust. 

Mass migration 

In early accounts of cockroaches and their behaviour, reference is made to 
their swarming in large numbers at certain times of the year; that B. 
germanica may develop a ‘migratory instinct’ has been witnessed by 
Marlatt* in Washington — ‘an army of thousands of roaches by one com- 
mon impulse abandoned their old quarters and started on a search for a 
more favourable location'. The Shad roach of Philadelphia (5. orlentalis) 
obtained its local name by swarming during May, coinciding with the 
arrival of the fish of this same name in the Delaware River. Gould®* 
quotes an instance of ‘migration’ of Oriental Cockroaches from a city 
dump to nearby houses and Roth & Willis* use a photograph, as a frontis- 
piece to their paper on the ‘Medical and Veterinary Importance of Cock- 
roaches , showing P . americana issuing in enormous numbers from a sewage 
filter bed m Florida during flooding (Fig. 115). Gould & Deay*‘ say that 
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B. orientalis frequently ‘migrates’ into homes through sewage drain pipes 
and Roth & Willis, referring to the domestic species write: ‘they live and 
breed in close association with their food, or they may move out of sheltered 
areas under cover of darkness and migrate to obtain food and water. 
Natural migrations of cockroaches have been observed only a few times. 
Probably migrations are common, but as they undoubtedly occur at rught, 
or other periods of low illumination, they have seldom been observed.’ 
Nevertheless, these authors give a number of examples of mass movements 
of cockroaches of different species and under a variety of conditions: in 
one case, the march of cockroaches across a muddy street to the building 



Fig. 115. Cockroaches migrating from a trickling filler at the University of Florida 
sewage treatment plant during the process of flooding. (Courtesy: Div. Pub. Relations, 
Univ. Florida, Gainesville). 


opposite could not be stopped by several men with brooms who attempted 
to stem the advance! 

^yhilst swarm behaviour is characteristic of locusts and termites (to 
which cockroaches are closely related, see Chapter 2), it would seem that 
mass movements of cockroaches are not migrations in the sense of the 
well-defined directional movement characteristic of many butterflies. More 
probably the ‘migrations’ of cockroaches represent random foraging 
stimulated by high temperature, or adverse environmental conditions (as 
are some tropical species of ants during rarly rains), including depletion 
of food brought about by rapid increase in numbers. This type of move- 
ment has not been recorded among cockroaches in the United Kingdom 
despite the massive populations which are occasionally seen; nymphs and 
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Effects of population pressure 

Undeterred, these same workers carried out two further tests using cock- 
roaches marked with radioactive phosphorus as had Schoof & Siveriy 
earlier. Jackson & Maier®** were intent on finding out why extensive 
movement from the sewers couJd be obtained under one set of conditions, 
as in the Tyler Project, but not in another. These two tests were made in a 
low-rent housing area arranged in quadrangles each containing 20-24 
apartments with a single manhole and its laterals servicing each quad- 
rangle. 

About 1,200 and 500 marked cockroaches were released in the two tests, 
which differed in one important regard; the 1,200 cod^oaches were 
trapped from manholes outside the housing estate (‘foreign’ to the release 
site) and were superimposed on the population already living in the release 
manhole, whereas the 500 constituted almost all the visible population of 
the manhole from which they were caught and into which they were again 
released. During the next two weeks, 7,000 and 1,600 cockroaches, respec- 
tively, were caught in the two tests. Seventy-one of the 7,0C0 captives were 
marked, but only four marked ones were among the 1,600. In the first test, 
one of the marked cockroaches was taken in a kitchen 80 feet from the 
release point and 22 in a small hollow in the ground adjacent to the wall 
of an apartment 50 feet away. Excavation of the soil showed that the trap 
placed in this hole was adjacent to a disused sewer, connected through the 
system to the release manhole 65 feet down the sewer fine. A further five 
marked cockroaches were caught above ground at a distance of up to 95 
feet and an additional 43 tagged cockroaches were caught in manholes, 
some of the insects having travelled 350 feet. This result was in distinct 
contrast with the results of the second lest in which only four marked 
cockroaches were recaptured and among these, the greatest distance of 
dispersal through the sewer was 170 feet. 

Why then was there such a difference in the results; in the first test, 
nearly six per cent of released cockroaches were rccaught outside the 
release manhole but less than one per cent in the second. The distance of 
movement was also small in the second test, and in all other experiments, 
where cockroaches were returned in comparatively small numbers into 
their own environment. But where strong population pressures were 
created by superimposing additional ‘foreign’ individuals onto an already 
existing sewer population, the catches above ground and along both 
directions of the sewer were high. 

Jackson & Maicr”‘ compare this latter situation with the condition 
likely to be encountered with the partial flooding of a sewer system. They 
also suggest that high population pressure, the rel^sc of 1 ,000 insects 
superimposed on natural sewer populations, is the likely explanation for 
the emigration obtained in the Tyler Project. About the same numters of 
released insects were also used by Schoof & Siveriy”* in each manhole m 
the Phoenix experiment, but these manholes were as much as 720 feet apa . 
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Fig. 117. Aparlment area in Phoenix, Arizona, showing the trapping sites (circles) In relation to the release manhole, and 
the numbers of marked cockroaches caught. In this experiment, undertaken in June, the natural population of the sewer 
manhote(400cockroachcs) was increased by thcrcleascof2,000addjlionalmarkedP.fl/«er/c<i/w (after Jackson &Maicr”‘). 
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Fig. 117. Apartment area in Phoenix, Arizona, showing the trapping sites (circles) in relation to the release manhole, and 
the numbers of marked cockroaches caught. In this experiment, undertaken in June, the natural population of the sewer 
nunho!e(400cockroachcs) was increased by the release of2, 000 additional marked y*.omfr/ca/ia (after Jackson &Maicr”‘). 
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considerably greater than the relatively short distances over which cock- 
roaches normally move. 

Influence of season 

The final experiment carried out by Jackson & Maier in Phoenix’®* was to 
compare the effects on cockroach movement of ‘undisturbed’ and ‘stressed' 
populations during January 1954 (with an average maximum temperature 
in the sewer of22°C and average minimum of 13°C) and during June 1954 
(with a mean sewer temperature of 

When large numbers of extraneous cockroaches were superimposed on 
normal manhole populations extensive emigration occurred during warm 
weather (Fig. 1 17) but not during the winter. When the numbers of released 
cockroaches did not increase the manhole population, only limited move- 
ment was experienced inboth seasons. Jackson & Maier are therefore of the 
opinion that while an occasional cockroach moving out from a contami- 
nated sewer is of little epidemiological importance, extensive emigrations 
which may result from sudden increases in population in warm weather 
could convert cockroaches into important vectors of disease. Certainly 
these studies with released cockroaches in sewers throws some light on the 
probable cause of the ‘mass migrations* referred to earlier in this Chapter. 

Night acthity 

There are now many recorded observations to indicate that biological 
organisms are able, endogenously, to measure the course of the time of 
day. They have a sense of time, or a time memory. This physiological clock 
operates on 24-hour cycles; the endogenous rhythm becomes established 
by heredity and is not induced in the early stages of the individual’s de- 
vclopraent.®** This pattern of behaviour occurs in many species of insects: 
they show a peak of activity at a certain lime of the day and maintain that 
same rhythm even though environmental conditions may change. Mosqui- 
toes bite particularly at dusk, and the flour mill moth, Anagusta kuhniella 
also flies actively at dusk at a time when the machines of a flour mill are 
normally turned off, and again at dawn some hours before the machines 
arc turned on. 

There is still considerable controversy as to whether some of the daily 
rhythms or ‘biological clocks’ of insects are governed by influences within 
the organism or externally. Halberg*®* has proposed the term ‘Circadian’ 
rhythm to describe cycles of activity which have a periodicity of about 24 
hours (Circa = about, diem = day). 

Under the normal sequence of light and dark, P. atnericana and many 
other pest species of cockroach show a marked increase in activity just as 
it begins to get dark, but activity ceases after five or six hours and they 
remain quiescent throughout the following day. After the period during 
which they remain immobile, slight movement is resumed which then builds 
up to a peak again at dusk (Fig. 118a). 



Activity 



Marker*®’ has analysed the locomotor activity of Periplaneta during 
alternating 12-hour periods of light and dark (.Fig. 119). Six stages may be 
recognised: 

Stage A some time before the onset of darkness the level of activity 
may rise. 

B after the onset of darkness tire increase in activity is sudden 
and marked. 

C a period of two to three hours is reached, in which activity 
is high. 

D the level of activity decreases sharply over a period of about 
two hours. 

E activity remains at a fairly low level during the latter half of 
the dark period. 
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F about five hours after the onset of light, activity is at a 
minimum or may cease completely for an hour or two. 

This same sequence of activity is also maintained when artificial light is 
used in place of daylight. 



Fig. 1 19. The six stages of the locomotor activity rh> ihm of Periplanela 
americana in alternating fight and darkness. Hatched area represents 
dark period (from Marker**’)- For explanation of lettering, see text 
abose. 


Night inspcclion 

Those concerned with cockroach control are well aware of the apparent 
absence of cockroaches in an infested building when visited during the 
day. Pyrethrum sprays to ‘flush out\ or stimulate cockroaches to mo\c 
from their harbourages arc required if all locations of the infestation arc to 
be discovered. The same premises visited at night can give a totally different 
impression of the size and distribution of the infestation, and a 'night 
inspection' has long been recognised among pest control operators as the 
ideal method for assessing the extent of residual infestations following 
insecticide application. 

At mghl v*hcn cockroaches arc foraging for food they will readily 
disperse if disturbed by excessive noise. The turning on of an electric light, 
however, will not drive German Cockroaches from their food, providing 
the switch is operated quietly. The relative insensitivity of cockroaches to 
disturbance at night is well desenbed by WjIIc*** from observations made 
at the turn of the century: 'during the 1905-6 winter in a kitchen of a large 
restaurant in Halle, which was brightly lit at night where cooking went on 
all night long. German Cockroaches ran around on the walls, ceiling and 
floor in vast numbers and were not m the sJjghiesl afTcctcJ by the light- 
The CTcaturcs dropped into the cooking pots and were constantly being 
fished out Similarly in a large Berlin hospital, in the sick rooms in which 
lights burned. German Cockroaches ran around quite unaffected by the 
light and even crass led into the beds of the palicnts*. 
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The lack of evasive movement caused by turning on a light at night is 
emphasised because of the two commonly held views that a ‘night inspec- 
tion’ should be carried out by torchlight, without turning on the lights of 
the room, and that if an inspection is to be carried out late at night, the 
lights should be left on when the working staff leave the premises rather 
than put on when the inspection begins. Neither of these ‘precautions’ is 
necessary. More important, pest control operators should recognise that 
the peak of maximum activity (period C of Fig. 119) occurs at different 
times of the year with the alteration in day length; in Britain, this period 
is between about 6 p.m. and 9 p.m. in winter and between midnight and 
3 a.m. in summer. 

Measurement of the circadian rhythm 

Many research workers have devised equipment capable of measuring the 
phases of activity of cockroaches so that the insects can be studied un- 
disturbed. Barker”® recorded activity by attaching one end of a fine thread 
to the pronotum of an American Cockroach, and the other end to a marker 
on a revolving drum. Roberts”® used an actograph in which cockroaches 
were contained in a wheel cage mounted on a delicate bearing, so well 
balanced, that they rotated the whole assembly with ease and the move- 
ments were recorded electrically. A similar but more primitive device was 
used 40 years earlier by Will^^® whereby movement of B. germanica 
caused a lever to record directly onto a chart. By dividing the period of 
movement by the period of rest he obtained a ‘mobility quotient’ which for 
different insects (at 18-5-22®C) ranged from 0 07 to 0-26. 

To explore the use of cockroaches in space, Sullivan & colleagues®*® 
devised a simple electronic apparatus to monitor the electrophysiological 
activity of the Madeira Cockroach. Their ‘biopack’, developed with the 
requirements for space studies of light weight, reliability and simplicity, 
involved the insertion of fine electrodes into the rear legs of the immobilised 
insect, but as Dr. Dutky accepts*” ‘however simple or sophisticated the 
equipment might be to record this information, the need to immobilise 
the insect on a glass slide by securing it by its wings with adhesive tape is a 
very serious physiological insult to any kind of animal’! Subsequently 
Dutky and his colleagues devised a method which allowed the cockroach 
limited freedom of movement and access to food and water but still on a 
leash of flexible connecting wires. Their studies showed that the peak 
levels of electrophysical activity in the insect, at about sunset (1900-2100 
hours), coincided with the onset of circadian activity in Leucophaea 
maderae. 

The most sophisticated equipment for monitoring cockroach activity 
has been devised by Schechter et which does not involve any attach- 
ments to the insects. This equipment was used to record the locomotor 
activity of the Madeira Cockroach over many months and consisted of a 
capacity-sensing device in which movements of the cockroach witliin a 
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cylinder produced electrical signals. This equipment gave the type of 
‘trace’ recorded in Fig. 120. 



Fig. 120, The locomotor activity of the Madeira cockroach over a period of 
three consecutive days, recorded with a capacity-sensing device (photograph by 
Schechter, Dutky & Sullivan***) 


Influence of temperature and food 

When Periplaneia is held at a constant temperature and then subjected to a 
sudden increase or decrease, there is an immediate increase or decrease in 
the length of the normal 24-hour cycle, which then rapidly adjusts itself. 
Thus Bunmng found that the period of the rhythm of P. amerkana at 
22 C W-JS 24-5 hours, but after chilling for 12 hours at SX the first period 
, a’’?, s 'i? ^ in successive cycles to 23 0, 23-5 

and 24-5 hours. The speed of the clock* was not, however, affected when 

fu'eg”'"’ periods of high temperature 

According to Biinnlng the well defined activity rhythms of F- 
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americana are lost below 18“C and this has been confirmed at 17°C by 
Roberts.^® Within the normal temperature ranges of the American Cock- 
roach the activity periods in total darkness are 25*1 hours at 20°C, reducing 
to 24'4 hours at 25®C and 24-3 hours at 30°C. Roberts concludes that the 
rhythm of P. americana is temperature compensated at least within the 
range 20°-30'^C. 

In their normal environment cockroaches eat during the period of 
activity at night. If, however, food and water are not made available at 
that time, but only during the day (Fig. 121) hunger does not appear to 
modify the activity cycle.“^ 



' s.t 2 " 3 " 4 ' 

SUCCESSIVE DAYS 


Fig. 121. The activity of P. americana in aUeroatiog light and darkness 
(hatched areas), when food is available only in the light period (be- 
tween the dotted lines). The cockroaches have been starved for 4 days 
previous to the experiment (after Harkcr***). 


Changes in light and darkness 

In some industrial and catering establishments infestations of cockroaches 
are subject to artificial light for long periods of the day and night. Occa- 
sionally too, in cellars and duels, cockroaches may experience total dark- 
ness throughout 24 hours. 

Using the Madeira Cockroach, Schechter ei al.^*^ were able to show that 
this insect begins its cycle of activity near sunset (5-6 p.m,) under all three 
conditions of (1) alternating dayli^t and darkness, (2) continuous dark- 
ness and (3) continuous light. However, if darkness and light were con- 
tinuous and not alternated, the average circadian rhythm became gradually 
shorter than 24 hours, and a pronounced secondary period of activity 
occurred at dawn which was more noticeable in continuous light than 
under the other conditions. 

Marker^* did similar experiments with/*, americana to find out the effects 
of reversing the periods of light and darkness. Under these new conditions 
the normal activity rhythm continued for up to four days, but was then 
gradually replaced by a new rhythm with the peak of activity starting at 
the beginning of the new dark period. She found that in both continuous 
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light and continuous darkness, the originai rhythm of P. americana was 
maintained for up to five days but was soon lost to ‘a sequence of random 
or spasmodic movements’ (Fig. 118b and c). 

Roberts^* also examined the effects of total darkness and of constant 
light of several intensities. He used three species of cockroach: the 
Madeira Cockroach, the American Cockroach and Byrsotria fumlgata. 
Because his experiments showed that the activity patterns of females were 
generally more erratic than males, he confined his tests to males only. In 
constant darkness the rhythm ofZ.. maderae and B.fumigata persisted for 
at least three months without any indication of a gradual loss in periodicity. 
The cycle ranged for different individuals from 23-5 to 24*5 hours. Similarly, 
Roberts was unable to find any loss of rhythm in any of the three species 
after a few days in continuous light as had been reported for Blati(P** and 
for Periplaneta.^* What he did find, however, was that in continuous light 
the periodicity of the cycle was lengthened by an increment of 20-60 
minutes when the insects were placed In light intensities of up to 25 foot 
candles. Exposure to constant light also introduced a secondary peak of 
locomotor activity about ten hours after the onset of the primary peak, an 
observation which was later supported by Schechter et a/.®** 

Roberts suggests that the secondary peak which occurs in continuous 
light, and sometimes among cockroaches in alternating darkness and 
light, closely coincides with dawn in the insect’s natural environment 
‘stirring it to activity until it reaches an optimally dark refuge where its 
movements will cease’. 


Control mechanism of diurnal rb)tbm 

Janet Harker, in a series of papers, has done much to explain the physio- 
logy of circadian rhythm in cockroaches. In a previous chapter of this 
book mention is made of the many physiological processes of the cock- 
roach which are controlled by hormones, or neurosecretions, produced by 
tissues associated with the brain and ganglia. Scharrer**® was the first to 
show that the suboesophageal ganglion of (he cockroach contains neuro- 
secretory cells which form an integral part of the endocrine system, and 
It IS these cells which are now known to play an important part in the 
control of cockroach activity. 

In early experiments, Harker^** removed the heads from American 
Cockroaches and found that the decapitated insects could continue to 
actively for about ten days, but showed no rhythm. This sug- 
gested that the internal mechanism controlling the activity cycle was 
located m the head and since changes in light and dark arc likely to be 
perceived by the compound eyes or ocelli, experiments were carried out to 
discover the effects on activity »hen these iscre covered, 
ih, M a : or cutting of the nerve from the eye to 

rhvihm h f c o prevent cockroaches from displaying their normal 
rhythm, but when the ocelli alone were destroyed or painted over, cock- 
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roaches in alternating light and darkness gradually lost their activity 
rhythm (Fig. 122). By contrast, the cockroaches became active during the 
day, but this too could be eliminated if the compound eyes were blackened. 
This suggested to Marker that the ocelli acted as ‘time keepers’ but the 
manner in which the ocelli performed this function remained to be dis- 
covered. 



Fig. 122. The activity of P. antericana in aUernaliDg light and darkness 
(hatched areas) after the ocelli ha\c been blackened (after Harker"*). 


At about the same time, Hoyle**’ showed that in darkness, or when the 
ocelli are occluded, there is a continuous discharge of nerve impulses in 
me commissures which link the brain to the suboesophageal ganglion. 
Marker postulated that these impulses could be the means by which the 
suboesphageal ganglion is stimulated to produce an activity promoting 
secretion. She proved this to be so by removing the suboesophageal 
ganglia from normal cockroaches and implanting them into the abdomens 
of headless cockroaches held in continuous light. These insects showed the 
normal activity cycle demonstrating that the stimulus for activity could 
be relayed from one insect to another (Fig, 123). 



123. The activity of a headless i*. anuricana, (a) in alternaUng light 
and darkness (hatched areas), (b) in continuous light after implantation 
with a sub-oesophageal ganglion from a nonnallv rhvthmic cockroach 
(after Harkcr^"). 
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From these experiments Harker“* was able to conclude that ‘at least 
part of the mechanism of the internal clock is an endocrine secretion 
released by the subocsophageal ganglia and that this is governed by the 
extrinsic factors of light and darkness through the medium of the ocelli. 
The subocsophageal ganglia themselves appear to be the “retainers” of the 
rhythm in that they can be completely isolated (as in implantation experi- 
ments) and yet continue to secrete at definite times’. 

Changes in the neurosecretory cycle 

In her more recent studies, Harker“^ set out to discover the extent to 
which the neurosecretory mechanism of the American Cockroach could be 
modified by changing the onset of light and darkness. In the normal condi- 
tion, secretion is produced at the beginning of cockroach activity which in 
turn corresponds with the onset of darkness. But what would happen if 
darkness occurred when secretion was not normally taking place? 

Implantation experiments in which subocsophageal ganglia from cock- 
roaches placed in darkness at difierent times of the day, were transferred 
to cockroaches not showing the normal rhythm, provided a picture of the 
periodicity of ncurosccretion. When a rhythmically secreting ganglion is 
implanted in this way the recipient cockroach follows an activity rhythm in 
phase with the implanted ganglion. 

These experiments showed that there arc three stages in the neuro- 
secretory cycle, (1) when secretion will take place whatever the external 
conditions, (2) another when secretion will take place if there is a change 
from light to darkness (Harkcr calls this the period of ‘possible’ secretion) 
and (3) a stage when no secretion can be evoked (the period of ‘impossible 
secretion) (Fig. 124). She suras this up by saying that ‘if a change front 
light to darkness occurs at a time when secretion is already taking place, 
the phases of the cycle appear not to be reset in any way and the next 
secretory period occurs at the normal lime. If the onset of darkness occurs 
at a lime when secretion would not normally be taking place, but when the 
cells arc able to respond to the stimulus, then the cycle is reset so that 
secretion next occurs 24 hours after the stimulus. If secretion cannot take 
place at the time of the stimulus (a change from light to dark) then the 
neurosecretory cycle appears to be unafTccted and secretion continues to 
take place at the normal lime’.”’ 

K^t mechanism of ihc neurosecretory cjcic 

Without wishing to over-compHcatcthis account of the factors insoKcd in 
the control of cockroach activity, it must be emphasised that the sub- 
ocsophageal ganglion is not alone in its control of circadian rhythm. In a 
uM icr study, Harkcr*** was able to chill the neurosecretory cells of the 
su^csophagcal ganglion of intact insects to scry low temperatures, with- 
out towering the temperature of the rest of the insect's body. When the 
ganglion was chilled for four hours, the rhythm of the test cockroach 
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Onset of 
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Fig. 124. Diagrammatic represeotatioo of the 
neurosecretory cycle in relation to time of dark- 
ness and locomotor activity (from Harker”’)- 

remained unchanged. When, however, the ganglion was chilled for this 
same period, but dissected out and immediately implanted into a cockroach 
not showing a normal activity pattern, a rhythm was induced, which was 
four hours late. By contrast, ganglia chilled for four hours but not dissected 
out or implanted into other cockroaches until 24 hours after chilling, 
caused no delay in the onset of the rhythm. This has prompted Harker to 
suggest that there is some factor in the insect other than the ocelli or sub- 
oesophageal ganglion which can reset the neurosecretory cycle but which 
requires time to take effect. 


INVOLUNTARY MOVEMENT 

During the course of servicing work by pest control operators, many 
Samples come to light of cockroaches carried by transport in local trade. 

f h carried in beer crates between the bottling plants 

o breweries and hotels is not uncommon. In some instances it is possible 
o trace these involuntary movements back to infestations in manufactur- 
ing premises. Mallis ct give an excellent example of a problem where 
n arge modern brewery was receiving German Cockroaches in returnable 
ons which \\ere then being shipped out to its customers in the refilled 
r ons. Modification in the design of the carton to remove as many 
revices as possible and treatment with a cockroach repellent (see Vol. II) 
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were successful in preventing cockroaches from being carried in this way. 
Because certain species of cockroach, such as P. americana and P. austral- 
asiae, are relatively rare in Britain the task of tracing the means by which 
these come to be introduced into premises of manufacturing industries — 
via the road transport and the ship from which the infested consignment 
was unloaded — is relatively easy. 

Two myths which it is felt necessary to dispel in connection with cock- 
roach movement are first, the widespread belief that cockroaches (B. 
orientalis) are introduced into premises in coke, and secondly that laundry 
baskets are a common means by which cockroaches are introduced into 
hotels and hospitals. Why should the gas works be a source of infestation 
of cockroaches? It seems far more plausible that cockroaches infesting a 
boiler house are seen at some lime to crawl over coke, which provides 
them with excellent harbourage and moisture, for which cockroaches in 
such an environment would show considerable interest, rather than the 
coke itself being the means by which the insects are introduced. Similarly 
there are many instances in hospitals where the warmth of linen cupboards 
provides an ideal environment for cockroach infestation; the fact that these 
areas, and laundries loo, become foci for infestations has led to the belief 
that laundry baskets are the common link. The occasional presence of 
cockroaches or their oothecae in laundry baskets is probably no more than 
a fortuitous association. 

International dissemination 

Most of the common domiciliary species of cockroach have become 
distributed widely. Yet not so long ago, probably not before the slave 
trade between West Africa and the United States, many of these cock- 
roaches, the American, Australian, the Brown-banded and Madeira Cock- 
roaches, did not exist in the New World. The evidence strongly suggests 
that these insects crossed the Atlantic in slave ships and became established 
in the southern states of America, in some instances possibly by way of the 
West Indies.^ The Lobster or Cinerous Cockroach also reached the United 
States from Africa but by a more circuitous route (Fig. 27). 

Once an exotic species of cockroach gains a foothold in a new territory 
there can be no better example of its potential rate of spread than that 
demonstrated by the Brown-banded Cockroach in the United States; 
this species was first recorded on the southern tip of Florida in 1903 
and is now reported from every State but one throughout North America 

(p. 68). 

The two species of cockroach common in Britain, viz. B. orientalis and 
B. gernianica, came, it is believed, from north and north-east Africa, enter- 
ing Europe by way of early trade in the eastern Mediterranean. There 
seems little doubt that the trading scsscls of the Greeks and Phoenicians 
and later, of the Spanish and Portuguese, did a great deal to colonise the 
world with cockroaches. 
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Even today, in the late twentieth century, ships continue to arri\e at our 
ports carrying cockroaches. B. germanica is the principal species in the 
galleys and accommodation of ships; cargoes in the holds are also associ- 
ated with cockroaches, both of non-pest species (notably Pauchlora and 
Henschoutedenia which often arrive on imports of bananas) and of 
the already long-established domiciliary cockroaches, B. germanica and 
P. americana. As Laird®^ rightly comments in connection with species 
found in aircraft, ‘some of the insects are so intimately associated with man 
and his foodstuffs that their non-discovery in association with international 
transport would be more surprising than their discovery’. 

Quarantine 

The inadvertent introduction of undesirable insects into countries through- 
out the world is now much reduced by quarantine. Early in the fourteenth 
century, the city of Venice required that all ships which wished to trade 
there had to remain at anchor for 40 days prior to docking. The word 
quarantine (derived from the Italian meaning ‘forty’) has now 

come to mean, not 40 days of isolation to ensure freedom from disease, 
but a system of scientifically established restrictions, involving in some 
instances embargoes on the import of certain commodities, and in others, 
inspection and treatment of people, animals, cargoes and the fabric of the 
vessels in which goods are introduced.’*' 

California was the first North American State to take action in 1886 to 
prevent the introduction of agricultural pests and plant diseases from 
oreign countries and from other States. In 1912 the Federal Plant Quaran- 
tine Act established regulations covering the whole of international com- 
merce with the result that today regulations are in force covering goods 
andled in trade, as well as the possible accidental introduction of insects 
in passenger baggage. 

International quarantine involves an extensive knowledge of pests and 
throughout the world. Reagan,’*’ estimates that there are 
,000 pests of economic importance not so far introduced into the 
nited States, many of which could readily become established, given the 
opportunity. Many of the land masses over which plants, plant products 
an livestock are transported, are so large that quarantine must also be 
prevent internal spread within a country. Thus the inspection 
an treatment of goods at inter-state boundaries (e.g. in Australia) makes as 
igmhcant a contribution topestconfinementas quarantine applied at ports. 

ore difficult to control than the spread of unwanted insects by national 
^^“."'^^'^ational trade, however, is the unwitting spread of insects by 
e internationally travelling public, notably by air. Since World War II, 
e great increase in air travel has magnified the problem of quarantine 
times. One hundred and eighty-six million people passed 
rough the borders of the United States in 1965, nearly equal to the popu- 
lon of that country. Of 446,000 consignments inspected by United 
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States quarantine personnel, 32,000 (seven per cent), were infested. How 
many infested lots escaped detection is not known. This vast increase in 
international travel, exchange of goods in trade, and thespeed ofmovement 
from one part of the world to another, requires the strictest measures to 
prevent world-wide dissemination of unwanted insects. 

The setting-up of import permits, quarantine regulations and the subse- 
quent policing of such regulations by inspection and treatment cannot, by 
virtue of the size of the problem, be 100 per cent effective, but they can act 
as a useful deterrent to the spread of undesirable insects of economic 
importance. Where infested goods escape the net of port inspection, and 
insects establish themselves in an importing country, there is every 
justification for using the full range of pest control procedures to eliminate 
the unwanted species. 

The philosophy of quarantine, as summarised by Reagan*®* of the 
United States Department of Agriculture, ‘is to: 

1 . Keep foreign pests out rather than have to control them ; 

2. Eradicate, rather than live with them; 

3. Contain and suppress their spread wherever possible if eradication 

is not feasible; 

4. Use the best methods available; 

5. Deny entry of a commodity if an effective means of treatment is not 

possible.’ 

Insects carried in aircraft 

One area of the world in which the author has had personal experience of 
extremely strict quarantine control is the mid-Pacific. The Hawaiian 
islands support agricultural pests, notably of fruits and vegetables, not so 
far established on the American mainland. Hawaii is an international ‘all 
change’ and the holiday resort of at least a quarter of a million Americans 
each year. The possibility of exotic insects of considerable economic im- 
portance becoming disseminated around the world v/a Honolulu airport 
in the absence of quarantine control would indeed be great. 

On the chance of discovering as soon as possible after arrival any new 
insects which might arrive alive in Hawaii, particularly mosquito vectors 
of malaria, the U.S. Navy and Public Health Service operated, towards 
the end of World War II, light traps primarily at or near the large air- 
ports,*®* Over 150,000 insects were collected between 1944 and 1946. In 
1 945 alone, between 1 ,200 and 1 ,500 planes were estimated to have arrived 
each month from outside the territory. During the last 18 months of the 
war 1 5 insect species new to the Hawaiian islands, and apparently recently 
arrived, were caught, the majority of them firmly established.*®* 

It was not possible to prove that any one of these new species became 
established as a result of introduction by airplane, but one of them was a 
beetle (Rliipidius spp.) whose larvae parasitise B. germanica. Eight of these 
beetles were taken in light traps on the island of Oahu during 1945 and a 
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German Cockroach parasitised by this beetle was taken from a plane 
arriving at Honolulu from the South Pacific. Thus, not only may new pest 
species be introduced by air transport but parasites of already established 
species may be introduced by the same route. 

Cockroaches in aircraft before World War U 

Over the last two decades the type and number of aircraft travelling 
international routes has changed out of all recognition. Nevertheless, the 
records listed by Whitfield^^® for cockroaches collected from aircraft 
principally at Khartoum and Miami before World War II are of interest. 
His main purpose was to appraise the inter-relation between air transport 
and the possible spread of Malaria and Yellow Fever. He lists 227 different 
species of insects taken in commercial aircraft: they include 24 identified 
cockroaches belonging to three species (Table XXIV), and almost as many 
unidentified cockroaches. In some instances cockroaches were recorded 

Table XXIV 


cockroaches recorded in commercial aircraft before 

WORLD WAR II 
(From Whitfield*”) 




No. of 


Where 

Piane 

Species 


insects 

Date 

coiiected 

from 

Identified: 






S. supellectilium (nymph) 


July 1935 

Khartoum 

Capetown 

„ 

,, 


Dec. 1935 


„ 

„ 



Dec. 1935 



,, 


5 

Dec. 1935 


Cairo 

„ 

(adult) 

3 

Mar. 1938 


Asmara 




July 1938 


Durban 

B. gernianica 

(nymph) 


June 1936 


Capetown 

„ 

(adult) 

7 

Nfay 1936 


„ 

„ 



June 1936 


,, 

,, 


2 

Jan. 1937 


Cairo 

P. auslralasiae 



1938 

Miami 

Maracaibo 

Unidentified: 






Supclla sp. 



1938 

Miami 

Rio de Janeiro 

Blaliella sp. 



July 1938 

Khartoum Durban 

Other cockroaches 

1 

1934 

Kisumi 

(not known) 

„ 



1934 



„ 



Sep. 1935 

Khartoum Capetown 



11 

1938 

Miami 

Barranquilla 



6 

1938 


Cristobal 




1938 


Port of Spain 
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living in the wings of airplanes where they were apparently feeding on glue 
and ‘dope’. 

Cockroaches taken from aircraft in New Zealand 

At present New Zealand and its neighbouring islands are free from 
Anopheles mosquitoes, and their continued exclusion is one of the reasons 
for examining aircraft arriving from the South Pacific area.^“ Laird found 
that the basal rims of astrodomes function as light traps for some species 
and 76 insects were collected from the astrodomes of two aircraft alone. 

During 1943-44, insects belonging to 100 species were collected from 16 
aircraft which had arrived from the Pacific Islands. Among these were 26 
of medical and economic importance. Four cockroaches were included, 
two being identified as B. germanica and Leucophaea {Pycnoscelus) suri- 
namensis.^^ The aircraft carrying these cockroaches had flown to New 
Zealand direct from the New Hebrides or via New Caledonia. 

In 1951, 540 insects were found in aircraft arriving in New Zealand, in- 
cluding 32 cockroaches taken from 27 planes; these comprised 17 B. 
germanica, 10 P. ausiralaslae and 5 P. americana, chiefly from the baggage 
compartments of the aircraft from Australia, Norfolk Island and Fiji.*** 
To relate these introductions to the species already present in New Zealand, 
Laird®®’ states that ‘fl. germanica is already an abundant pest, but P. 
americana although very common throughout most of the Pacific and 
sometimes found in New Zealand wharf sheds, does not seem to have 
gained a firm foothold’. Laird gives an analysis of the distribution within 
the aircraft of the 540 insects (Table XXV); in addition to the baggage 

Table XXV 

THE NUMBER. OF COLLECTIONS OF VARIOUS INSECTS MADE 
FROM DIFFERENT SECTIONS OF 1 1 ! AIRCRAFT AND THE NUMBER 
OF SPECIMENS FOUND: 343 AIRCRAFT WERE INSPECTED 
(From Laird***) 


Seciion 

Number of 
colieclions 

Number of 
specimens 

Baggage and cargo 

12 

217 

Main accommodation compartment 

48 

144 

Astrodome 


123 

Pantry, servery 


22 

Baggage compartments 

12 

22 

Pilot’s compartment 


9 

Toilet compartment 


3 

Exterior of fuselage 

32 

Many egg masses 

Totals 

138 

540 



MOVEMENT 273 

compartment, cockroaches were taken from the servery, luggage racks and 
main compartment. 

P. brunnea introduced into Britain 

One of the best documented and most recent examples of a cockroach 
introduced into Britain, wliich succeeded in producing infestations in 
nearby buildings, is that oi Periplaneta bruunea at London Airport. This 
cockroach has been introduced into Britain in tlie holds of ships carrying 
Domimcan bananas®®*®" but no established infestations had been recorded 
prior to 1965. London Airport currently handles, annually, more than 13 
million international travellers and is involved in a quarter of a million 
air movements. 

The first infestation, was found in one of the airport buildings which 
contained four calorifiers (heat exchange units) supplying domestic hot 
water. This room averaged 21-23‘’C, and its door opened into a service 
corridor from which short passages ran directly to the airfield. Here trolleys 
loaded with baggage constantly passed to and from the planes. It is possible 
thatP. brunnea may have been introduced in this way, but more probably, 
it gained entry from the baggage conveyors directly above the ceiling of the 
calorifier room. Bills®^ suggests that baggage coming in from the southern 
states of the U.S.A. and destined for Europe or elsewhere, could have 
carried P. brunnea which subsequently gained access to this section of the 
building. 

A year later, Bills*® discovered a second infestation of P. brunnea at the 
same airport in buildings about one and a quarter miles from the first, this 
time in an animal transit centre. The number of animals passing through 
was reported as 50,C00 a month. This time the infestation occurred in a 
stable healed to 2l-24°C, which had no connection by underground duct, 
or by traffic, with the previous infestation. The introduction of cockroaches 
in this instance was possibly by way of food containers which frequently 
accompany the animals. 

Cockroaches carried by slups 

Many of the early records of cockroaches on ships leave little doubt that 
the principal species carried in the accommodation was the American 
Cockroach. This may have been true of the early sailing vessels and even 
as recently as 1912, a paper in The Entomologist's Recordhy Shelford®®® 
refers to P. americana as ‘the well known ship’s cockroach’. But this is 
certainly not true of modern cargo vessels and passenger liners, in which P- 
americana is now rare, having been displaced by B. germanica. What 
feature of ship construction has caused this change in species dominance 
is not known. Could it be that the German Cockroach has risen to this 
position by virtue of its greater tolerance of modem insecticides compared 
with P. americana, and by its more recent development of resistance to 
compounds such as chlordane and dieldrin. This is certainly one possible 
s 
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explanation, since the environment provided for cockroaches on ships 
would appear to suit both species equally well (see Chapter 12). 

Roth & Willis* give an interesting resume of the early records of cock- 
roaches found on ships; ‘The earliest recognisable record of cockroaches 
on shipboard is Moffett’s (1634) statement that when Drake captured the 
ship Philip, he found it overrun with cockroaches {Dlattarum alatarum). 
Bligh (1792) described disinfesting H,M.S. Bounty with boiling water to 
kill cockroaches. Chamisso (1829) reported that he had seen ships’ casks, 
in which rice or grain had been stored, that were found to be filled with 
Blaltella gerimnica when opened. During a voyage from England to Van 
Diemen’s Land, Lewis (1836) was greatly annoyed by hundreds of cock- 
roaches flying about his cabin at night; the most numerous resembled 
Periplaneta americana and another was similar to Ectobius lapponicus.^^*'^^^ 
Lewis describing the infestation of P. americana says that the cockroaches 
occurred ‘in immense profusion, and had communication with every part 
of the ship, between the timbers or skin. The ravages they committed on 
everything edible were very extensive; not a biscuit but was more or less 
polluted by them, and amongst the cargo 300 cases of cheeses, which had 
holes ia them to prevent their sweiting, were considerably damaged, some 
of them being half devoured and not one without some marks of their 
residence’. 

Incidence in food storage and food-handling areas of ships 
Evans & Porter®** recorded the incidence of insects in the food storage and 
handling areas of 1,193 ships inspected at New Orleans during 1960-63, 
and 235 ships at Miami from 1957 to 1961. These records were acquired 
by the Inspectors of the Division of Foreign Quarantine, U.S. Public 
Health Service, who promote efforts to achieve good sanitation on ships 
entering the United States from foreign ports. Among cockroaches found 
in the galleys and mess rooms, the German Cockroach was encountered 
by far the most frequently, followed by the American Cockroach as a very 
poor second (Table XXVI). Populations of B. germanica were reported as 
very large on some vessels, occurring on 205 (i.e. 14 per cent) of the 1,428 
vessels inspected. The next most common insects were various species of 
ants, notably at Miami (107 occurrences), followed by species of Triboliunt 
(100) and saw-toothed grain beetle, Oryzaephilus surinamensis (43 occur- 
rences). 

Incidence in ships’ hoids 

As part of the responsibility of the Ministry of Agriculture, Fisheries and 
Food, a similar inspectorate operates at British ports concerned with 
infestation in cargoes in ships’ holds. Among 3,632 cargoes inspected in 
Britain on arrival from West Africa during the eight years 1945-52, 
B. germanica occurred most often.*** Other species found in the holds were 
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Table XXVI 

FREQUENCY OF OCCURRENCE OF COCKROACHES COLLECTED 
FROM FOOD STORAGE AND HANDLING AREAS ON 1,193 SHIPS 
ENTERING NEW ORLEANS (1960-63) AND 235 VESSELS ENTERING 
MIAMI (1957-61) 


(From Evans & Porter*”) 

Species 


Number of vessels from k7;/cA 



each species ivos coUecied 



New Orleans 

Miami 

Blattella germanica 


188 

17 

Periplanela americana 


9 

— 

Periplanela fuliginosa 


2 

— 

Periplanela spp. 


2 

1 

Nahublattella ecuadorana 


2 


Blaiia orienlalis 


1 

— 

Pancblora irrorata 


1 

— 

Parcoblalia sp. 


1 

— 

Litopeltis sp. 


1 

— 

Nyclibora sp. 


— 

1 

Anaplecta sp. 


— 

1 

Unidentified cockroaches 


— 

15 


P. americana, P. australasiae and Neostyhpyga rhombifolia (formerly 
Dorylaea rhomhifoUd). 

Cargoes arrive at British ports from all over the world and inspections 
are carried out on about 4,000 vessels each year. Over the nine years, 
1958-66, 151 instances were recorded of the more common species of 
cockroach in holds involving cargoes from 22 different countries (Fig. 
125); Bhtlella germanica and Periphneta americana occur most often, 
but Blatta orientalis and other species of Periplanela relatively infrequently 
(Table XXVII). It must be appreciated that these records do not include 
the ‘rare’ tropical species which may be carried in small numbers. 

The number of commodities associated with pest species of cockroach 
in the holds of ships is considerable; it is not possible to relate the species 
found to type of commodity, because many shipments involve mixed 
cargoes. Moreover, with the exception possibly of bones imported from 
Nigeria, where cockroaches are not uncommon on the stacks awaiting 
shipment, it is the view of Dr. J. A. Freeman, Head of the Entomology 
Department of the Infestation Control Laboratory, that the association of 
cockroaches with commodities is in general fortuitous. In addition, it 
should be recognised that cockroaches in ships’ holds are not always 
associated with foodstuffs; as an example a ship loaded with wood pulp 





1 ig. 125. TIk number of cargoes infested with cockroaches which arrived in Britain between 1958 and 1966 from 22 
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and plywood in western Canada, discharged large numbers of German 
cockroaches with the plywood at the port of Hull in 1964. 


Table XXVU 

INCIDENCE OF THE MOST COMMON COCKROACHES IN THE 
HOLDS OF SHIPS INSPECTED AT BRITISH PORTS DURING 1958-66 


Tear 

5. germanica 

Number of shipments 

Other 

B. orienlolis P. amertcana Periplaneta spp. 

1958 





3 



1959 

6 

1 

3 

I {P. australasiae) 

1960 

4 

I 

4 

1 (F. australasiae) 

1961 

1 

2 

— 

— 

1962 

6 



5 

I (F. australasiae) 

1963 

6 


9 

— 

1964 

19 

1 

9 

2 (Unidentified) 

1965 

24 

1 

14 

1 (F. brunnea) 

1966 

13 

- 

12 

- 

Totals 

19 

7 

59 

6 


(InfonnatioQ provided by the Infestation Control Laboratory, Ministry of Agriculture. 
Fisheries & Food, based on reports from the Insect Inspectors of that Ministry and of 
the Department of Agriculture and Fisheries for Scotland.) 


Establishment of new infestations 

In modern food storage practice, and in the transport and marketing of 
perishable foodstuffs, chilling and refrigeration are playing an increasingly 
important part. How does the cockroach react to sudden changes of 
temperature when carried perhaps in refrigerated vehicles, and once un- 
loaded with goods finds itself in chilled areas or normal ambient tempera- 
tures? Does the insect’s previous temperature experience influence its 
activity or chance of survival? Whether or not a German Cockroach 
carrying an ootheca is capable of surviving and producing an infestation 
in a new environment depends in large measure on whether the temperature 
which it encounters lies between the insect’s low and high thermal death 
points. Very often this will be so; then other factors, the level of humidity 
and availability of food and water will determine the period of survival 
and the chances of the ootheca hatching and the nymphs surviving to 
establish an infestation. These arc some of the questions examined in the 
next chapter on the influence of the environment. 
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INFLUENCE OF THE ENVIRONMENT 


Effects of temperature: immobilisation at low temperatures; acclimatisation ; recovery 
from chill-coma; the cold death point; survival outdoors; the upper lethal temperature; 
long and short exposures to high temperatures; the temperature preferendum; preferred 
temperatures of different species— Response to humidity alone; desiccation in different 
species— Effects of air movement— Environmental factors in relation to cockroach 
habits 

The environment of air travel; effects of low pressures; tests in jet aircraft; cockroaches 
in space; gaseous environments — Absence of food and water 
The hatching of oothecae; water content of ootlwcae; loss of water from ooihecae 


Pest cockroaches establish themselves within buildings in harbourages 
which provide micro-ciimates similar to the climate of the out-door 
tropics, from which they originated. Examples of such harbourages are 
behind plaster, pipe runs, skirting and architraves, beneath kitchen equip- 
ment and within floor and wall cavities. Cockroaches require relatively 
high temperatures and humidities and preferably situations where water 
is freely available. They are confined to their harbourages during the 
day, where there is relatively little air movement, and become active at 
night at a time coinciding, except in centrally heated buildings, with a 
drop in temperature and an increase in the water holding capacity of the 
air. 

The pest species can survive in full sunlight, but their negative response 
to light guides them to micro-climates offering the maximum chance of 
survival. Harbourages of the German and American Cockroaches are 
often close to water pipes, sinks, baths, toilets and washbasins where 
humidity is further increased by moisture lost from the many insects 
crowded together which Pimental suggests is a further aid to their 
survival.^ 

In this chapter we are concerned with the effects of different physical 
components of the environment on the behaviour of cockroaches; we are 
concerned with the ‘preferred environment* and the range, the upper and 
lower limits, which cockroaches can tolerate. Towards the end of this 
chapter we shall consider the factors which influence the hatching of 
oothecae. If we are to appreciate the conditions under which pest species 
arc able to give rise to infestations we are concerned also with chemical 
components of the environment, the presence or absence of food and 
water. The effects of environmental factors on the rate of development 
and growth of cockroaches are considered in Chapter 10. 
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The three physical factors of the environment which most influence 
cockroaches are: 

1. Temperature, 

2. Humidity, or water-vapour content of the air, and 

3. Air movement. 

These three factors are inter-related. To avoid confusion it is perhaps 
necessary to point out that when a given sample of air is warmed, its 
relative humidity drops and its drying power, or saturation deficit, in- 
creases. 

Relative humidity is defined as the ratio (usually expressed as a per- 
centage) of the actual vapour pressure of the air (measured in mm of 
mercury) to the full amount of water that the air can hold at that same 
temperature (the saturation vapour pressure). When air is warmed its 
water holding capacity increases. As an example, the saturation vapour 
pressure of air at 20'’C is I7-6 mm Hg and increases to 31*8 mm at 30°C. 
When the air is only half saturated (i.e. it has a relative humidity of 50 per 
cent) the vapour pressure at the same two temperatures is 8-8 and 15-9 mm. 
The drying power of the air, or saturation deficit is obtained by subtracting 
the actual vapour pressure from the saturation vapour pressure. 

Air movement interacts with temperature and humidity in that it may 
displace moist air with drier air causing loss of moisture from surfaces by 
evaporation. This has the effect of cooling the surface, which in turn may 
cool the air in the immediate vicinity of that surface. 

Additional factors which cockroaches may experience, notably in trans- 
port, are: 

4. Reduced pressures in aircraft, and 

5. Starvation and lack of water. 

Many insects, especially those of stored foodstuffs, are capable of 
obtaimng their water requirements from relatively dry food. This, how- 
ever, is not the case for the cockroach for which freely available water is 
vitally important. 

Effects of temperature 

Like other insects, the body temperature of the cockroach is entirely 
dependent on that of its surroundings; low temperatures inhibit cockroach 
activity and high temperatures usually stimulate activity. The one environ- 
mental factor, more than any other, which limits the spread of insects, 

IS the temperature below which activity cannot normally occur. 

^mobilisation at low temperatures 

At a certain low temperature, varying with the species, insects become 
immobilised. Mellanby^** calls this the ‘chill-coma temperature’. Using 
the Oriental Cockroach, experiments were undertaken to find out whether 
exposure to different temperatures could modify the response 
o* the cockroach, so enabling it to exist more easily at low temperature. 
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To eliminate the effects of humidity, the air in which the cockroaches 
were contained was always fully water saturated. 

These experiments showed that the cooler the conditions in which 
Oriental Cockroaches are held before being moved towards the chill-coma 
temperature, the lower the temperature at which activity is possible. Thus, 
the lowest temperature at which nymphs and adults of B. orientaHs are 
active is 2°C when previously exposed to 14-17®C, increasing to 7-5“C for 
previous experience at 30®C and 9-5®C if held previously at 36°C. 

Acclimatisation 

To discover how long cockroaches must be subjected to different tem- 
peratures in order to modify the chill-coma temperature they were trans- 
ferred from 30°C to 15°C for different periods and the acclimatisation 
period was measured — in this case ihc time required for the chill-coma 
temperature to drop from 7*5 to 2®C. It was found that although cock- 
roaches kept at 15°C became acclimatised to 30®C within 20 hours, others 
kept at 30®C and moved to 15®C do not become fully acclimatised to the 
lower temperature for two to three days. 

Even more interesting, acclimatisation is possible only if the cockroach 
is capable of movement. It cannot take place in cockroaches actually in 
chill-coma. Thus when cockroaches from SOX are held for five days at 
2-3®C they remain completely immobile. When warmed to 15®C they 
recover after some time, but an immediate determination of their chill* 
coma temperature shows that it is still the same (7'5®C) as when they left 
30“C and is not modified by the period at 2-3®C. 

Recovery from chill-coma 

If Oriental Cockroaches are cooled to, but not below, the chill-coma 
temperature and then warmed again they recover very quickly. Even when 
held at the temperature of immobilisation for as long as three days the 
recovery time is less than one minute (Table XXVIII). If, however, they 

Table XXVIll 

TIME TAKEN FOR B. ORIENTAUS ACCLIMATISED TO 15'C AND 
30’C TO RECOVER FROM EXPOSURE TO LOW TEMPERATURE 
(From Mellaoby***) 


Temperature 
of exposure 
CC) 

Period of 
exposure 
{fir.) 

! Time taken to recover at 15°C after transfer 
, from low temperature exposure 

Acclimattsed to 15°C 

Acclimatised to 30’C 

1 

24 1 

Under 1 min. 

li-2i hrs. 


72 

Under 1 min. 

li-2ihrs. 



12 min. 

Z-2\ hrs. 
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are cooled some degrees below the chilI>coma temperature, the period of 
recovery is appreciably longer. The higher the temperature to which cock- 
roaches are transferred from chill-coma, the sooner they become mobile, 
e.g. in 90 minutes when transferred to 1 5°C compared with only 1 5 minutes 
at 35°C. 

The cold death point 

In reviewing resistance to cold, Wigglesworth*®® divides insects into three 
groups: (1) those accustomed to warm environments, such as insects of 
stored foodstufis, which die at temperatures well above freezing point, 
death being attributed to the accumulation of toxic products which carmot 
be eliminated; (2) those which are killed as soon as their tissues freeze, 
death being attributed to dehydration of the tissues and perhaps to 
mechanical injury by ice crystals, and finally, (3) those which can withstand 
freezing, but which die at still lower temperatures, the cause of death being 
unknown. Cockroaches fit most conveniently into the third group; when 
nymphs and adults reared at 27‘'C are held at low temperatures for one 
hour, mortality increases from two per cent at freezing point, to 71 per 
cent at — 5®C and 98 per cent at — 10®C. All are killed in one hour at 
-15®C.«« 

Survival of cockroaches at low temperatures is also influenced by previous 
temperature experience. Thus, Mellanby found that all Oriental Cockroaches 
which had been living at 15*C, survived for three weeks when moved to 
2-5®C and were able to crawl for the whole of this period. Others moved 
from 30®C to this low temperature began to die within five days. 

Once cockroaches have become acclimatised to their environment, the 
temperature at which they die from freezing is well-defined and mortality 
is not greatly modified by the period of exposure. Thus, all S. orientalis 
acclimatised to 15'C survive at —5'5°C, whether they are exposed to 
this low temperature for one or nine hours. Most, however, die within one 
hour at -S^C (Table XXDC). 

Table XXIX 

death (D) and survival (S) of b. orientalis ACCUMATISED 

TO 1 5* AND 30 C WHEN EXPOSED TO BELOW ZERO TEMPERATURES 
(Six insects per test; from Mellanby**®) 


Temperature of exposure 

Period of 

Cockroaches previously kept at 

CC) 

exposure (Ar.) 

ISX 

30=C 

-3 0 

n 

S 

S 

-5-5 

I 

S 

D 

-5-5 

9 

s 

D 

-6-8 

u 

S 

D 

-8 0 

1 

5D, IS 

D 

Bet\seen —4 0 & —8 0 

15 

D 

D 
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It is clear from these studies that cockroaches which live ia buildings 
without heating are considerably more cold hardy when exposed to winter 
conditions than those from centrally heated premises. The experiments 
would also indicate that cockroaches carried accidentally but quickly in 
the heated parts of jet aircraft, say from the warmer parts of the United 
States to Britain, have less chance of surviving here in the absence of a 
favourable environment on arrival, than insects carried in the opposite 
direction. The influence of the environment in jet aircraft on the survival 
of cockroaches is dealt with in greater detail on page 292. 

Survival outdoors 

In warm climates most of the domiciliary species of cockroach live out- 
doors. It is now widely recognised that the Oriental Cockroach is capable 
of doing so in Britain although records of such occurrences are few. As 
examples, Gardner*” found an immature male at the roots of plants about 
a mile away from the nearest house at Slanford-le-Hope, in Essex, and 
Lucas**'**® has found the Oriental Cockroach outdoors in rubbish heaps. 
Considerable numbers were found on open ground around refuse filling 
a disused gravel pit near SevenoaJes, Kent, during September 1964 (Ed- 
wards, personal communication). 

In an attempt to establish the cold-hardiness of B. orientalis in Briuin, 
small numbers of nymphs were subjected to various climatic conditions 
during the winters of 1949-50 and 1951-52. With an average minimum of 
2'9-3'2®C, during the three coldest months, the insects failed to survive 
beyond the following early spring. At temperatures a little higher, with 
an average minimum for the three months of 4'6-5T®C, some nymphs 
survived into May and June. The Oriental Cockroach is thus capable of 
surviving outdoors through the winter, but Solomon & Adamson**® sug- 
gest that in these tests lack of moisture as well as cold probably contributed 
towards mortality. 

The upper lethal temperature 

The death of cockroaches exposed to high temperatures for long periods 
is brought about by lack of moisture. High temperatures increase the 
metaboUc activities of iwsects cawsiwg aw iwcTtastd demand foi oxygen. 
At low temperatures, respiration occurs by a process of diffusion but at 
high temperatures it is replaced by forced ventilation, involving pumping 
movements of the abdomen which ventilate the tracheae, Gunn“’ was un- 
able experimentally to discover at what temperature B. orientalis abandons 
one type of respiration for the other, since below 30'C pumping move- 
ments occur during and after great activity, but at 32'C they never cease, 
becoming more frequent as the temperature rises. 

Gunn postulated that at high temperatures forced ventilation of the 
tracheae causes cockroaches to lose water rapidly and at about 30"C the 
loss increases out of all proportion to the gain of oxygen, with the result 
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that the water conservation mechanism of the respiratory system fails (Fig. 
126). He says that, ‘if the air is dry and supplies of water for drinking are 
not available, cockroaches kept at temperatures above 30°C must speedily 
die. Here then is an upper limit to the temperature range of B. orientalis, 
fixed by the speed of desiccation. At 40“C the animal dies in about four 
hours whatever the humidity, so that in saturated air, heat stroke fixes 
the upper limit of temperature at 36-40'’C, while for dry air desiccation 
fixes it at a little above 30‘’C’. 



Fig. 126. Rate of loss of weight (water) in relation to temperature from live 
adult 3. orientalis and dead P. americana. Both species show the sudden in- 
crease in rate of evaporation just above 30®C (after Gunn*®’' and Ramsey**®). 


Ramsey^*® working with Periplaneia could not support Gunn’s conten- 
tion that death at high temperatures occurs because of excessive loss of 
water through the spiracles. In F, americana evaporation also increases 
rapidly at temperatures above 30‘’C (Fig. 126), but equally whether the 
insects are dead or alive and whether the spiracles are open or blocked 
with paraffin wax. 

Ramsey’s experiments suggest that at high temperatures some modifica- 
tion occurs to the body surface. Observations on the nature of the film 
covering the cuticle of the American Cockroach show that it undergoes a 
change of phase at 30°C which greatly increases permeability of the cuticle 
to water molecules. His experiments, and those of more recent workers, 
show conclusively that a considerable fraction of the total amount of 
'\ater lost from the cockroach at high temperatures does indeed take place 
through the body surface. 

exposures to high temperatures 

e three pest species, B. orieiitaliSf B. germanica and P. americana, differ 
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in their susceptibility to high temperatures in moist and dry air.’’** With 
long exposures of 24 hours in moist air practically no deaths occur below 
37°C and few survive more than 39®C, irrespective of the species (Fig. 127). 
In dry air, however, there is considerable variation; the largest cockroach, 
P. ainericana, desiccates more slowly, and the smallest, B. germanica, 
loses water at about the same rate as B. orientalis (see also Fig. 131). This 
results in these two species dying more readily at low temperatures 
(35-37®C) than P. americana. 


Moist ai/” 


Blaita onentahs 



Blattella germanica 



35 36 37 38 39 35 36 37 38 39 

Temperature 


Fig. 127. Proportioosof dead (black), monbund (shaded) and 
live (open) cockxosfbes of the three pcsl species after ex- 
posure to various temperatures (35-39'C) in moist air (90% 
R.H.) and in relatively dry air for 24 hours (after Gunn & 
Notley*’"). 


With short exposures of one hour all three species survive temperatures 
above 4rC, and contrary to the effects of a 24-hour exposure, cockroaches 
survive in dry air more readily than in moist. This points to confir- 
mation of Afellanby’s earlier suggestion that evaporation of water from 
the body can cool the insect in dry air allowing it to remain alive at 
temperatures some degrees higher than when the air is moist.®” 
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The temperature preferendum 

Withia their normal habitat all insects have a preferred temperature range; 
they avoid unfavourable temperatures by responding to temperature 
gradients which induce movement back to the thermo-preferendum.^®® 

In the early part of this chapter we have seen that two of the environ- 
mental parameters which affect the Oriental Cockroach — the chill-coma 
temperature and the cold death point — are influenced by the insects’ 
previous temperature experience. Gunn’®® has shown that the preferred 
temperature of the Oriental Cockroach — the temperature at which it con- 
gregates — is also influenced by previous experience, but is, in this case, 
related to the amount of water vapour in the air. 



Fig. 12S. Change in pieferred lemperatuie of adult male B. onenlaUs 
in a temperature gradient cootaiiuDg moist and dry air. As the water 
content of the insect drops it moves to a lower temperature, into air 
with a lower saturation deficit thereby reducing further water Joss 
(after Gunn*”). 


This information came from two experiments lasting over a period of 
four days with adult Oriental Cockroaches in a temperature gradient, one 
experiment in dry air and the other in moist. The preferred temperature, 
at which the cockroaches settled, changed with time, more so in dry air 
than in moist (Fig. 128). At any particular temperature. Oriental Cock- 
roaches lose water by evaporation at a rate proportional to the drying 
capacity of the air. When the amount of water in the cockroach falls below 
a certain level, the insect moves to a lower temperature, with the result that 
It experiences air with a smaller saturation deficit and hence further loss of 
water is reduced. 
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Preferred temperatures of different species 

The preferred temperature, or ‘indiflercn<» zone’, as it is called by Gunn,*'* 
is similar for adult male B. germanica and P. americana. When these 
species have had access to food and water the temperature preferendum 
ranges from about 24® to 33*0. For similarly fed B. orienialis, the range is 
a little lower, 20-29'’C, AH species actively avoid temperatures at the 
higher end of the indifference zone more so than at the lower end (Fig. 1 29). 

Under conditions of changing humidity the Oriental Cockroach shows 
very little inclination to move ftom an acceptable temperature providing 
the insect has had food and water; humidity may cause a very slight 
change in temperature preference but this varies with individuals.*** If the 
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cockroach has been given water, but no food, its reaction is still unchanged. 
Only when deprived of water, to the extent that the insect has become 
desiccated, does it prefer a lower temperature, since the cockroach then 
loses water more slowly because the air has a lower saturation deficiency. 
When water is given to the insect it returns to its normal temperature 
preference zone (Fig. 130). Gunn®” refers to this as a ‘compensating 
reaction’ to conserve low levels of body moisture, which conflicts with the 
normal temperature preference of the insect. The Oriental Cockroach can 
lose and regain about 30 per cent of its weight by adjusting itself to air of 
varying water vapour content. 

Response to humidity alone 

When cockroaches move from one temperature to another it is difficult to 
demonstrate whether they are responding to the temperature alone, or to 
the joint action of temperature and humidity. This comes about because, as 



Eig. 130. The loss in body weight of adult B. orienlalis caused by desiccation 
over a period of four days without water and the recovery in weight following 
the provision of water during the afternoon of the fourth day. The histograms 
show the fall in preferred temperature with desiccation and the rise again follow- 
mg drinking. The histograms were obtained by summing the periods longer than 
2 minutes during which cockroaches remained at a given temperature (after 
Gunn***). 
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already mentioned, air at a low temperature has a higher relative humidity, 
and a lower drying power, than the same air at a high temperature. This 
problem was resolved by devising a humidity gradient ranging from 20 to 
90 per cent, divided into three zones, ‘dry’, ‘medium’ and ‘wet’ with a 
uniform temperature throughout.*"’ The time spent by Oriental Cock- 
roaches in the dry and wet zones was recorded over a period of an hour. 

Normal, undesiccated cockroaches spent half their time on the dry side 
and over a quarter on the wet, showing that humidity per se appears to be 
a weak stimulus to movement (Table XXX). Nevertheless, after these 
same insects had been desiccated to varying extents, their preference for 
the wet side increased considerably, demonstrating conclusively that cock- 
roaches on desiccation do respond to atmospheric humidity. 

Table XXX 

TIME SPENT BY NORMAL AND DESICCATED B. ORIENTALIS IN 
DRY AND WET AREAS OF A CHOICE CHAMBER 
(From Gunn & Cosway”’) 


Temp. 

Condition of insect 

Time spent in 

Ratio 

("C) 


each zone (%) 

DryllVel 



Dry 

Wet ! 


I6-23\ 

25 / 

Normal 

49 

29 

1-7 

1 

'Normal 

50 

38 

1-3 


Slightly desiccated 

41 

42 

10 

Desiccated to more than 
[20% of body weight 

34 

51 

0-7 

1 


Desiccation in dilTerent species 

The experiments reported by Gunn in his various papers, show quite 
clearly the existence of an interaction between environmental temperature, 
water deficit in the air, and body moisture content; these jointly influence 
the environment favoured by the Oriental Cockroach. But not all species 
are equally susceptible to desiccation: in dry air (with a high saturation 
deficit), adults of the small species, B. germanica, lose water at about the 
same rate as B. orientalis, but more rapidly than the larger P. americana 
(Fig. 131); at temperatures below 30®C and a saturation deficit below 32 
mm of mercury, the water loss from B. germanica (as percentage of 
initial weight) is nearly twice that of B. orientalis and P. americana?^* 
From calculations which take into account body weight, surface area and 
respiration rale of these three species, it would appear that the diflerences 
which they show in the threat of desiccation are unrelated to rates of 
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Fig. 131, Rate of water loss by evaporation from German, 

Oriental and American cockroaches in air of increasing 
dryness at the temperatures specified. The loss of weight per 
day is expressed as a percentage of original weight (after 
Gunn*’*). 

water loss through the spiracles or through the integument (Table XXXI). 
These calculations do not, however, take into account di^erences in the 
composition of the wax on the surface of the cuticle which is most likely 
to be the controlling factor. 

Table XXXI 

WATER LOSS FROM THREE SPECIES OF COCKROACH IN 
RELATION TO WEIGHT, SURFACE AREA AND RESPIRATION RATE 
(From Gunn”*) 


Factor B. germanica 

B. orienialis 

P. americana 

Average weight (mg) 

Oxygen consumption at 30°C 

47 0 

3800 

912 0 

(mg/g/day) 

Water loss in dry air at 30'’C 

241 

160 

130 

(mg/g/day) 

159 0 

95 0 

86 0 

Ratio of cuticle area: weight (cmVg) 
Water loss/cuticle area: weight ratio 

21-9 

110 

8-2 

(mg/cm*/g/day) 

Oxygen consumption/cuiicle area: 

7-3 

8-6 

10-5 

weight ratio (mg/cm*/g/day) 

M 

1-5 

1-6 

Water loss/mg of oxygen consumed 
(mg) 

6-6 

5-9 

6-6 


T 
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Effects of air movement 

Cockroaches within harbourages are protected from air movement, but 
when they forage for food they encounter air displacements, which 
although usually of low velocity, affect the conservation of body 
moisture. 

Ramsey,^®* using a wind tunnel in which he could control the temperature 
and humidity of the air, found that for P. americana the effect of air move- 
ment is much less in causing evaporation from the body surface than in 
causing water loss from the tracheae. With the spiracles blocked by 
paraffin wax, so that water could be lost only via the cuticle, an increase in 
air movement from 5 to 20 metres per second increases the rate of 
evaporation by about one-third. However, with the spiracles open, this 
same range of air movement increases evaporation four times from 3 
to 12 mg/hr. Moreover, if the insect is placed across the stream of air 
rather than head on, evaporation, at 20 metres per second, increases by 
about three times. 

Emironmcntal factors in relation to cockroach habits 
This brief review of the effects of temperature and humidity on cock- 
roaches has shown that they are strongly influenced by environmental 
factors. It ought, therefore, to be possible to relate what we know from 
these experiments to the behaviour and habits of the pest species. 

Habcr’“* made some 30 observations on the micro-climates within five 
separate habitats infested by D. germanica. The average was 20-6''C, close 
to the low end of the preferred temperature range (Fig. 128), and 72 per 
cent relative humidity. In kitchens with poor ventilation, layering of the 
air causes quite marked temperature differences between floor and ceiling, 
in some instances as much as T-IO'C. These higher temperatures near the 
junction of wall and ceiling are often responsible for the activity of domi- 
ciliary species high up in rooms. 

On the supposition that the night activity of cockroaches is due to the 
absence of daylight, and that ultra-violet light might be the cause of their 
hiding and inactivity by day, Nechcles”* undertook experiments which 
showed that neither full sunlight nor light of different wavelengths exert 
any direct influence on the activity of P. antcricana or B. orienlalis. He 
concluded that cockroaches do react to light, but very slowly: ‘their usual 
flight when light is suddenly switched on in a room has led to the belief 
that they flee from light. If the light is turned on from outside the room, 
one may observe from outside, that no sudden flight takes place and that 
it is some time before all the cockroaches have retired'. As wc have seen 
in Chapter 4 cockroaches arc well equipped with sense organs (the ccrci) 
for detecting vibrations, low levels of noise and air movements and it is 
probably th^ factors, rather Chan light, which stimulate the avoidance 
reaction. This subject is dealt with in greater detail in Chapter 11, in 
connection with the value of 'night inspection' for cockroach control, and 
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where the night activity of cockroaches is discussed in relation to circadian 
rhythm, believed to be mediated by stimulation of the ocelli. 

Water is probably the most important limiting factor to the establish- 
ment of cockroaches in buildings. The hiding of cockroaches during the 
day is attributed by Necheles ‘to the necessity of seeking refuge from the 
excessive evaporating power of day air and their activity at night to the 
reversal of air conditions, the night air being cooler and more humid’. 
Gunn & Cosway, however, are of the opinion that the humidity in har- 
bourages at night is likely to be little different from that of the freely moving 
air. In any event, we have seen (p. 287) that the reaction of the cockroach 
to humidity, providing it has had water to drink, is not all that intense. 

Gunn®’* discusses the temperature preferences of the three most com- 
mon domiciliary cockroaches to account for their difference in ecological 
habit. All three can safely stand a loss in body weight of 30 per cent 
through desiccation and recover their loss on drinking. Among the three 
species, however, the temperature preference of the German Cockroach 
may take it into conditions where it could desiccate to death in two days. 
Infestations of the German Cockroach, or steam Oy, are closely associated 
with conditions where water is freely available; the rapid Joss of water 
from this species almost certainly accounts for its preferred Industrial 
environment of warm, steamy kitchens. 

By comparison, the Oriental Cockroach has a lower temperature prefer- 
ence extending well below 20®C (Fig. 129), and at these low temperatures 
loss of water is small. In the event of water not being available this species 
prefers the range 12-23*C and this understandably explains why B. 
orientalis usually infests drier and cooler conditions than B. germanica, 

Gunn has made a similar practical appraisal of the requirements of P. 
americana. This species thrives well, almost to the exclusion of others, in 
the stable environments of sewers in the United States (Chapter 1 1), but 
rarely establishes itself in the United Kingdom. When this does happen it 
is often to be found in the constant, artificial and warm environments of 
greenhouses and tropical houses of Zoos and Botanic gardens, or more 
usually in the nearest favourable environment to where imported goods, 
carrying this species, have been temporarily placed or stored (see p. 54). 
The American Cockroach rarely remains at temperatures above SS^C 
where its rate of desiccation would be high, and its long life cycle, requiring 
' favourable conditions for development for at least a year, probably 
accounts for its failure to become an industrial pest In the United IGngdom. 
Nevertheless, there is reason to believe that with the wider acceptance over 
the next decade of central heating and temperature control in buildings in 
the United Kingdom, incipient infestations of P. americana could become 
more widely established here in certain types of property. 

The emironment of air tra>el 

The development of resistance to modern insecticides by a great many 
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insects of economic importance has drawn attention to the ease of spread 
of this problem through air travel. The growth of international trafBc with 
the possibility of insects being introduced very quickly from one country 
to another, places an increasing responsibility on quarantine authorities. 

In one respect, however, Knipling & Sullivan®®* suggest that perhaps the 
coming of jet travel has brought an answer to some of the problems of 
preventing the introduction of undesirable insects and resistant strains: 
these authors have pointed out that for jet transport to operate efficiently, 
aircraft must fly at near 40,000 ft. where outside temperatures range from 
— 42'’C to — 65°C and cooling of the unheatcd parts of airplanes is likely 
to provide an environment, although of short duration, unfavourable to 
insect survival. 

Effects of low pressures 

The air pressure on the surface of the earth fluctuates around 760 mm of 
mercury. It falls to about 520 mm at an altitude of 10,000 ft, to 430 mm 
at 15,0C0 ft and to 225 mm at 30,000 ft. At 200,000 ft (about 40 miles up) 
pressures drop to less than 0 05 mm of mercury. 

Packchanian®^* devised an apparatus for studying the effects on insects 
of the low temperatures and reduced pressures that exist at various alti- 
tudes. He showed that the positive and negative pressures in the range in 
which insects may occasionally find themselves are not detrimental to 
survival. In studies using eight species of insect, death increased directly 
with the period of exposure at a given altitude. The factor chiefly respon- 
sible for death is low temperature, reduced pressures alone being without 
ill effect.®” 

Tests in jet aircraft 

To test these experimental conclusions, Sullivan et subjected German 
Cockroaches to the low temperatures, reduced pressures, and low humidi- 
ties in the unpressurised and unheated sections of jet aircraft. In two flights 
in jet fighters, lasting 50 and 95 minutes, and rangingin altitude from 20, CCO 
to 40,0C0 ft, all the cockroaches were killed. The outside air temperature 
during these flights ranged from — 30”C to — 60°C. All American Cock- 
roaches in a similar flight lasting 90 minutes were also killed. Complete 
mortality of German Cockroaches was obtained in a three-hour flight in a 
jet bomber at 40,000 ft, when the outside air temperature fell to — 51‘’C; 
nevertheless, in a bomb bay of a similar aircraft where heat was being 
generated, all the cockroaches survived. These trials showed that with 
flights in the stratosphere of 40 minutes or less, or with long flights at low 
altitudes, a proportion of cockroaches which become passengers on jet 
aircraft may be alive on landing. 

Cockroaches in space 

To increase our knowledge of the effects of the environment of outer space 
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a number of animals, including various insects, have been used as ‘guinea 
pigs’ in place of man. Among five species exposed by Thornton Sullivan®"® 
for different periods to the very low pressures of 2C0,0G0 ft (less than 0-05 
ram of mercury) the cockroach Leucophaea maderae survived best ; 60 per 
cent lived for one day following a one-hour exposure, and 20 per cent 
were still alive after four days. The cockroach also suffered the smallest 
loss in weight (14 per cent) compared with the maximum (47 per cent) by 
the house fly (Afusca domestkd). In these tests, the temperature within the 
abdomens of the cockroaches exposed to very low pressures failed to drop 
below 10°C indicating that mortality may have resulted from desiccation 
and internal damage rather than cold. Unlike the other insects exposed, 
Madeira Cockroaches were not entirely quiescent at low pressures; they 
twitched their legs in muscle spasms lasting more than a minute, but all 
the insects showed marked abdominal swelling. 

To enable insects to be used effectively in studies in satellites. Stark- 
weather & Sullivan®®® considered all the possible environmental factors: 
insects are much more resistant than mammals to high speed accelera- 
tion®®® and many studies have shown the relative resistance of insects to 
ionising radiations compared with mammals (see Vol. II). 

Starkweather & Sullivan investigated the effects of increased atmo- 
spheric pressures: Madeira Cockroaches and houseflies were given a pad 
of cotton wool saturated with a solution of ten per cent sugar while being 



Fig. 132. Tolerance of the Madeira cockroach and the Housefly to S and 9 
atmospheres pressure with constant exchange of air (after Starkweather & 
Sullivan***). 



294 


THE COCKROACH 


subjected to one, five and nine atmospheres. At five atmospheres all the 
cockroaches died in three days, compared with some of the flies which 
survived for six days. At nine atmospheres pressure all the cockroaches 
died in one day and the houseflies in two days (Fig. 132). 

Gaseous environments 

The response of cockroaches to diflerent gases is of interest to the use of 
insects in satellites as well as to the more utilitarian purpose of immobilis- 
ing insects to facilitate laboratory handling (see Vol. II). 

Using one-month old adult males of the Madeira Cockroach, experi- 
ments undertaken by Sullivan ct showed that at room temperatures 
and atmospheric pressure insects starved and without water survived for 
two days or less, in both very high and very low concentrations of oxygen. 
But they lived for at least 20 days in 40-80 per cent oxygen provided that 
the carbon dioxide was removed. The optimum atmosphere was 55-58 per 
cent oxygen and 42-45 per cent nitrogen, which, with the carbon dioxide 
removed was sufficient to oxidise the food reserves of the starving cock- 
roaches, keeping them alive for the maximum period. 

Absence of food and water 

Cockroaches are essentially scavengers on dead plant material, preferring 
carbohydrates to protein and fat. Although they are omnivorous, cock- 
roaches do discriminate when given a choice: P. americana will eat dead 
and maimed individuals and egg cases of Us own species, cardboard and 
paper. In captivity, they take bread, pastry, cheese and various vegetables 
and fruits; potatoes, carrots, sweetcom, lettuce and cabbage, as well as 
banana and cantaloup. In greenhouses they eat the open flower petals of 
Cattleya orchids as well as the aerial roots and flower spikes of the Vanda 
orchid.® 

Within their normal habitats, indoors and out, there is sufficient food 
and water for cockroaches to survive and reproduce, but in transport they 
may find themselves without. Under these circumstances low humidities 
may enhance the adverse effects of food and water shortage. 

In India, Nigam®* observed that second instar nymphs of P. americana 
can survive almost without food for a week. Willis & Lewis*®® subjected 
two-week old adults of both sexes of ten species of cockroach to partial 
and complete starvation: they were given (1) dry dog biscuits without 
water, (2) water alone, and (3) no food or water, at 27°C and 36-40 per 
cent relative humidity. 

Cockroaches completely starved (Fig. 133) live for as short a time as 
me days (male B. vaga) and as long as 42 days (female P. americana). 
Generally, the larger the insect the longer it survives. Cockroaches with 
access to dry food but no water remain alive for about the same time as 
completely star\cd insects, but drinking water enables most, with the 
notable exceptions of male B. germanica and S. supeliectiiium, to live sig- 
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nificantly longer. Females survive longer than males probably because of 
their greater body reserves. Water alone is sufficient to sustain some 
species, notably P, americana, N. cinerea and P. surinamensis, for two to 
three months. 


SPECIES SEX 

NO FOOD 
OR WATER 

DRY FOOD 
ONLY 


Blattdia vaga 




Blattella MALI 

germanica FEMALE 
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Fig. 133. Longevity (days) of cockroaches on starvation diets at 2VC and 
36-10% ILH. (aAer Willis & Lewis***). 


Willis & Lewis also present some previously unpublished data of 
Dr. Jean Leclercq (Universile de Liege), which shows that the survival of 
completely starved adults and nymphs of B. orientalis is correlated with 
relative humidity; values below 40 per cent would not appear to affect 
survival but longevity is increased by humidities above 40 per cent. 

These studies on food and water requirements show that it is possible 
for cockroaches to live for relatively long periods in shipments of material 
not ordinarily considered food: starvation is not a limiting factor for 
cockroaches travelling in the heated parts of aircraft. In most other forms 
or transport, too, limited access to water does enable most species to 
complete the journey alive. 

The batching of oothecae 

In the earlier part of this chapter we considered the many environ- 
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mental factors which alTect the mobility and survival of cockroaches as 
nymphs and adults in buildings and during dissemination in transport. 
One of the ways by which pest cockroaches become readily introduced 
into properties is by means of oothccae in crates of foodstuffs and bever- 
ages and in a variety of packing materials. The remainder of this chapter 
is • concerned with the effects of the environment on embryological 
development and hatching of oothecac. 

In Chapter 9 three types of ovipositional behaviour among cock- 
roaches are distinguished. To understand the factors which influence 
oothecal development of the pest species, we are concerned here with 
only: (1) oothecac which are deposited soon after formation, e.g. by 
Blatta orieiitalis, Supella supellectiliuin and all species of Feriplaneta, and 
(2) oothecac which are carried by the female until or shortly before the 
eggs hatch, e.g. by Blattella germanka. 

Water content of oothecac 

Water content is the principal factor which determines whether oothccae 
hatch after being deposited. Roth & Willis** have shown that the amount 
of water within newly formed oothecac and enclosed eggs of the pest 
species of cockroaches, averages about 60-65 per cent. Oolhecae of cock- 
roaches which deposit their egg cases almost immediately after formation 
are hard and impermeable, and the water content remains constant during 
embryological development. 

In contrast, the end of the ootheca which remains attached to female 
Blattella germanka during egg development is soft and permeable to 
water, and when first formed this ootheca contains about 62 per cent 
water but Increases steadily to 76 per cent at time of hatching (Fig. 134). 
This increase derives from both loss of dry matter and uptake of water 
from the female. 

Loss of water from oothecac 

Water is essential to the development of eggs: the hardened wall of the 
ootheca of some species (see Chapter 9) and its retention by others in 
the genital pouch until the eggs hatch are means by which desiccation is 
prevented. 

The egg case of B. orientalis is the most resistant to water loss ; it is 
covered with a water-proofing material, which although differing from 
that on the cuticle of the cockroach, is sufficiently impermeable to allow 
eggs to hatch from oothecac retained continuously in completely dry air. 
During early development, the inside of the ootheca is very moist, but as 
development proceeds the inner surface becomes progressively drier until 
at about four weeks the chorion surrounding each egg becomes very 
brittle. The inside of the chorion and the embryo itself, however, remain 
moist. Roih & Willis^* believe that water is absorbed by the developing 
eggs from the spongy inner surface of the ootheca. which results in a 
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Fig. U4. Ciuagcs in water coDtent of ootbecae during development at 27-29T. 
Females of Blattella sp. had access to drinking water. Oothecae of species 
which deposit them were kept at 30% retaiUe hmnidity (after Roth & Willis«)* 


progressive increase during dev elopment in the water content of the eggs 
from 63 per cent when 12 days old to 71 per cent when 33 days old. The 
little water that is lost from the ootheca occurs through the respiratory 
ducts in the keel, rather than through the oolhecal wall; there is very 
little increase in water loss with temperature over the range 30-40°C, 
indicating that the waterproofing materia! on the ootheca is not the same 
as the mobile wax on the cuticle of the cockroach (see page 105). 

It is apparent from these studies that the ootheca of the Oriental Cock- 
roach can develop and hatch under the most adverse environmental condi- 
tions. Nevertheless, experiments suggest that if the eggs of this cockroach 
are to hatch satisfactorily, it is important for the ootheca to remain dry 
since contact with water or abrasive agents considerably increases per- 
meability.®** 

The ootheca of P. americana is not quite so impermeable to evaporation. 
In laboratory cultures of the American Cockroach it is common for adults 
to damage their oothecae by attackiag the keel: this causes rapid loss of 
water, preventing embryological development, particularly at low relative 
humidities (Table XXXII). The membranes which surround the newly laid 
eggs are so freely permeable to water that the oothecal case itself protects 
the eggs from desiccation. Whether or not eggs of P. americana and S. 
siipelleciilium are able to complete their development in infested premises 
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Table XXXII 

EFFECTS OF HUMIDITY AND THE REMOVAL OF KEELS FROM 
OOTHECAE OF PERIPLANETA AMERICANA ON THE HATCHING 
OF OOTHECAE AND EGGS 
(From Roth & Willis***) 


Relative 

Aite (clavs) 

Condition of 

Percentage 

Percentage 

humidity 

at treatment 

oothecae 

oothecae from 

egg hatch 



which some 

from \iable 




eggs hatched 

oothecae 



' Normal 

87 

92 

15% 

Less than 1 

Keels removed; 

0 

0 


Normal 

65 

93 



1 14 

Keels removed 


0 


1 

Normal 

92 

97 


1 3-5 

Keels removed 

56 

87 





99 



Normal 

100 


16 

Keels removed 

90 

99 


depends on the evaporating capacity of the air. In completely dry air at 
27-28'’C, they lose up to 60 per cent of water within 30 days and fail to 
hatch (Fig. 135). 

Oothecae of the German cockroach differ from those of B. orientalis 
and P. americana by not being uniform in colour; the anterior part held 
by the female is not as heavily scleroUsed as the posterior part, and by 
covering the anterior and posterior halves with beeswax, Roth & Willis*** 
showed that the two areas differ considerably in permeability. Of 30 per 
cent water lost in 24 hours, 28 per cent could be attributed to evaporation 
through the pale anterior end and only two per cent through the dark 
posterior end. 

Premature detachment of the ootheca from female B. germanica has a 
marked effect on hatching. Early observations*® suggested that if oothecae 
were detached nine days after formation, the eggs would hatch if kept 
moist, but would not do so under any conditions if removed earlier. The 
more recent studies of Roth & Willis**® show that the age of the ootheca 
at time of separation from the female is not the sole factor which influ- 
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fig. 135. Rate of loss in weight (%) of oothecae at 0% 
relative humidity and 27-28®C, which failed to provide 
young. Figures in parentheses give age of ootheca at removal 
(5. germanica) or deposition (other species) (after Roth & 

WiUis»). 

ences hatching; when detached oothecae are kept at a favourable tem- 
perature (27-29°C), but low humidity (30-50 per cent), eggs fail to hatch 
unless the oothecae are removed from females on the day prior to hatching 
when development is almost complete. If kept in moist air, however (90 
per cent relative humidity), eggs hatch from oothecae detached when only 
one day old, or when more than seven days old (Fig. 136). 

There is sufficient water in the newly formed ootheca of the German 
Cockroach (62 per cent), to allow development and hatching of eggs when 
kept at high humidities, without additional water being supplied by the 
female. If however the ootheca is detached or prematurely dropped by the 
emale, as so often occurs with German Cockroaches poisoned by carba- 
mate insecticides (see Vol. II), the ^rmeabillty of the egg case allows water 
to be lost at ordinary room humidities and more rapidly in dry air. At 
zero per cent relative humidity and 27— 28*^0, 60 per cent of water is lost 
tn 20 days (Fig. 135). But, irrespective of humidity, the amount of w’ater 
ost varies considerably with the age of the ootheca : little is lost from eggs 
o oothecae detached when one day old, evaporation increases to a maxi- 
mum between four and six days and falls to a constant amount between 
seven and 16 days (Fig. 137). Thus the hatching of oothecae dropped 
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prematurely by the German Cockroach depends on (1) the amount of 
water present in the ootheca, which increases with age, (2) the age of the 
ootheca which determines the rate of water loss, and (3) the saturation 
deficit of the air. 

This examination of the influence of the environment on adults, nymphs 
and oothecae of the pest species of cockroach has drawn attention to their 
ability to withstand most of the adverse conditions likely to be encountered 
in buildings and during movement to and from properties. This ability, 
together with their cryptic habits, undoubtedly account for their success 
as pests and the relative ease with which new infestations become estab- 
lished as a result of dissemination in trade. 
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O^ckroaches in sewers, latrines and cesspools — ^Bacteria isolated from cockroaches 
associated with disease outbreaks — Viruses, protozoa and parasitic worms — Experi- 
mental transmission of disease organisms— Gastroenteritis and food poisoning organ- 
isms— Vector capabilities of different species of cockroach— Typhoid— Persistence of 
bacteria in cockroach excrement and on utensils and food — ^Allergy to cockroaches — 
The role of cockroaches in disease transmission 


‘People living in civilised, highly sanitised areas are rarely aware of the 
truly tremendous cockroach infestations that may exist under poor 
hygienic conditions’.® It is regrettable, but nevertheless the case, that in 
many areas of the world people work, eat and sleep with the cockroach: 
even in certain parts of Europe it is still commonly believed that once 
cockroaches have taken up residence within a building they are there to 
stay; their presence is inevitable, and they are tolerated and accepted as 
part of normal living. 

The extent to which pest species of cockroaches, under poor conditions 
of hygiene and sanitation, are accidental carriers of infections is largely 
unknown. Roth & Willis* have published an excellent and comprehensive 
review of the information available on the association of cockroaches with 
disease organisms and in the Foreword to that review, Lt. Col. Ley of the 
U.S. Army wrote: ‘although the cockroach has long been the target of 
intensive control efforts in both civilian and military communities, my 
personal grudge against the insect has been based more on suspicion than 
on fact. , . . This review has replaced a complacent acceptance of the 
insect as an unpleasant nuisance in areas of poor sanitation, with a firm 
belief that greater attention must be placed on increased attempts to 
demonstrate, both in the laboratory and in the field, possible relationships 
between the prevalence of cockroaches and the incidence of certain 
diseases'. 

This has been the precise aim of very many workers over the last 30-40 
years. Whilst the information now available undoubtedly points to the 
conclusion that cockroaches may transmit disease organisms if given the 
chance, the inevitable question remains: how often are they involved as 
vectors of disease, and have they ever been responsible for a major disease 
outbreak? 

A great deal of the stimulus for medical studies has come from the close 
association of cockroaches with food storage and food handling areas— 
kitchens, canteens, cafes and restaurants — as well as their presence in 
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latrines, toilets and privies, and in warm countries in sewers. In these 
locations, cockroaches become contaminated with urine and faeces and 
have access to a variety of pathogens. They have the opportunity of 
carrying infections on the outside of their bodies as well as internally. 
They consume indiscriminately both the food and faeces of man and 
domestic animals and in this way, parasites of the alimentary canal as 
well as viruses, bacteria and protozoa may be readily transferred from 
animal to animal and from animal to man. 

The establishment of cockroaches in hospitals brings them again into 
close association with a variety of disease organisms. In wards and surgical 
units their presence foils all attempts at good hygiene as well as being 
psychologically disturbing to patients. 

In the first part of this chapter we shall examine some of the information 
obtained on the numbers and species of cockroach found in locations 
where they may become closely associated with pathogenic organisms. 
Secondly we shall briefly review those instances where cockroaches have 
been found actually carrying disease organisms, and where the isolation 
of pathogens from the insects appeared in some instances to be related to 
the existence of disease outbreal^. Finally, we shall look at the potential 
of cockroaches as disease carriers as indicated by laboratory studies in 
which bacteria and other organisms have been fed to cockroaches in an 
effort to find out whether pathogens are able to remain viable in the ali- 
mentary canal and in the excreta of the insect. 

Cockroaches in seners, latrines and cesspools 

There are reports from many countries of the association of cockroaches 
with excreta: Antonelli,^®* during an investigation into typhoid outbreaks 
in Italy found Oriental Cockroaches in sewers and open latrines where 
they were potentially capable of carrying infection into houses. The 
American Cockroach has been recorded in large numbers in latrines in 
Iran,3« ia Venezuela,®®® in septic tanks in Malaya®®* and in cesspools and 
sewer manholes m Hawaii.^" In Queensland, Australia, P. americarta is 
more prevalent in sewers and manholes than P. australasiae.^^ 

Already in Chapter 11 reference has been made to Tyler, a town in 
Texas of about 40,000 people in which studies were made of cockroaches 
in sewers. Of the 670 manholes examined, 40 per cent contained cock- 
roaches; 1-25 insects were found in 17 per cent, 26-100 in 10 per cent 
and more than 100 cockroaches in 13 percent. P. omcr/ca/ia was the domin- 
ant species and the heaviest infestations occurred in the oldest sections of 
the sewers.®*^ Other species found in the Tyler sewers, but less frequently, 
included P.fuUginosa, B. orientalis and the Wood Cockroaches, Parcoblatta 
pensylvanica and Parcoblatta boUiana. 

Studies in other Texas towns have ^ven similar information. In Austin, 
80 per cent of manholes examined by Eades et contained P. americaiia, 

and in Galveston, Houston and Corpus Christi, the American Cockroach 
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was found in over half the manholes inspected. It is of interest to mention 
here that references to Corpus Christ! are often to be met with in cock- 
roach literature since in this town resistance to chlordane was first detected 
among German Cockroaches. 

The enormous size to which populations of cockroaches can develop in 
sewers is illustrated by the description of a campaign against B. orientalis 
in Bedford, Indiana ‘not one house in the city of 18,000 was free of 
the pest. A heavy infestation was found in most manholes, and in one there 
was one cockroach for every three square inches of surface. Cockroaches 
invaded homes and apartments from outlets in bath tubs, sinks and lava- 
tories. Basements were heavily infested with “water bugs” coming up 
through the drains’. In Phoenix, Arizona, Schoof & Siverly®” surveyed 22 
manholes over a seven-week period and obtained a weekly average of 92- 
143 P. americana per manhole. In the same city, Jackson & Maier®“ found 
300-400 cockroaches in some of the manholes. 

In two other towns in southern Texas, Pharr and Donna, cockroaches 
were trapped in the Latin-American sectors to discover whether polio- 
myelitis virus was being carried; 72 pairs of traps were operated simultane- 
ously in houses and out-door privies over a period of several weeks.®®* 
German Cockroaches were encountered much more often in houses, 1,692 
insects in 60 per cent of the traps, compared with only 51 in 15 per cent of 
the traps located in privies. The American Cockroach was more prevalent 
in privies, but P. brunnea outnumbered P. americana in houses. 

Some of the most detailed information from the United States on the 
relative abundance of the pest species of cockroach in and around homes 
and privies comes from the study made in 12 towns in south-west Georgia.** 
Again using traps, 80 samples of cockroaches were taken each week during 
1952 and 1953 (Table XXXIII); German Cockroaches were most preva- 
lent inside homes and American Cockroaches were most prevalent in 
sewer manholes. The species which most consistently outnumbered all 
others outside homes and in and around privies was the Smoky-brown 
Cockroach, Periplaneta fuliginosa. In Georgia, the season has a marked 
effect on the relative abundance of species; B. germanica is less abundant 
in homes during the hottest months when P. americana and P. brunnea are 
at a maximum, and these two species are also more abundant in and 
around privies during the warmer months. 

No records exist of cockroaches occurring in sewers in the United 
Kingdom. There is no doubt that cockroaches would have been seen if 
present, since many thousands of manhole covers are lifted each year in 
connection with rodent control. This absence of cockroaches is not how- 
ever surprising since in those countries in which the sewers are infested, the 
American Cockroach, which is rare in Britain, appears to be best suited 
to this environment. Nevertheless, Oriental Cockroaches are not uncom- 
mon within premises around drains and guileys where they have access to a 
variety of infectious bacteria. This is especially true in hospitals where 
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Table XXXIII 

COMPARISON OF COCKROACH DISTRIBUTION IN FOUR ENVIRON- 
MENTS IN S.W. GEORGIA (1952-53). AVERAGE NUMBER OF COCK- 
ROACHES PER 100 TRAPS 
(From Haines & Palmer”) 


Environment 

Season 

Species 

P.fuliginosa P. aniericana P. brunnea 

B. germanica 

Inside 

Spring 

7 

2 

9 

171 

homes 

Summer 

15 

9 

154 

47 

(3,713 

Autumn 

45 

1 

7 

657 

traps) 

Winter 

4 

1 

1 

203 

Outside 

Spring 

10 

I 

1 

5 

homes 

Summer 

34 

0 

11 

0 

(1,027 

Autumn , 

27 

0 

7 

17 

traps) 

Winter 

21 

0 

5 

1 

In or 

Spring 

11 

2 

0 

7 

around 

Summer 

121 

83 

25 

4 

privies 

Autumn 

77 



2 

064 traps) 

Winter 

HBBIH 

0 

0 

6 

In sewer 

Spring 

7 



0 

manholes 

Summer 

1 

51 

3 

1 

(2,071 

Autumn* 

- 

- 

_ 


traps) 

Winter 

' 1 


1 

1 


• No records available. 


infestations of B. orientalis outnumber B. gennanica by more than four to 
one, and where the incidence of the Oriental Cockroach in and around 
toilets is almost as high (33 per cent of hospitals) as in any other type of 
prenuses contmning this species (Table XLIl). According to the survey 
data for the United Kingdom (Chapter 14), Oriental Cockroaches occur 
in and around toilets in 22 per cent of infested properties and in 16 per 
cent of premises infested by B. germanica. 


Bacteria isolated from cockroaches associated nith disease outbreaks 
Organisms which it is thought are most likely to be carried by cockroaches 
and responsible for human infections arc those belonging to the Salmonella 
group, the causative bacteria offood poisoning. SalmonelJaewere recovered 
from 12 of 360 batches of cockroaches taken from sewer manholes durina 
ths Ty er Project (see page 254). Examples of pathogenic bacteria found 
naturally irfectmg cockroaches taken from servers, hospital wards and 
other locations include seven species of Salmouella (Table XXXIVl The 
hst .nerrmmates the three most common pest cockroaches. B. genL ica. 
B. orientalis and P. aniericana. sf^niiuuiLu, 
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In an attempt to correlate cockroaches with an outbreak of summer 
diarrhoea among children in San Antonio, Texas, Bitter & Williams,^** 
looked for the causative bacteria (S/«gWAi and Shigella paradysen- 

teriae) in the gut contents of cockroaches collected from several manholes. 
Cultures of organisms from 94 insects gave no grounds to conned cock- 
roaches wth the epidemic. Nevertheless, organisms which were isolated 
from these cockroaches included Salmonella schottmuelleri which causes 
enteric fever in man, and S. oranienburg and S. bredeney, both of which 
cause gastroenteritis.* Eades et al.^^ have also isolated S. oranienburg and 
S. panama^ another bacterium which causes food poisoning, from the 
intestinal tracts of P. americana taken from manholes in the United States. 

Despite the failure of Bitter & Williams to detect among P. americana 
the causative organisms of summer diarrhoea, this did prove possible with 
B. orientalis.^^^ This species was found naturally infected with Shigella 
paradysenteriae whencaught in a foodcupboard of a hospital in the Republic 
of Tadzhikistan (U.S.S.R.). In Italy this cockroach has also been found 
carrying Salmonella typhosa on its legs and in its faecal pellets in homes 
of people suffering from typhoid.®**-®^* In Australia, Mackerras & 
Mackerras''®-^*’ have implicated P. americana as secondary foci of infec- 
tion in a hospital outbreak of gastroenteritis among children. The insects 
were carrying Salmonella morbificans. 

Viruses, Protozoa and Parasitic worms 

Viruses and protozoa are also carried by cockroaches. Four strains of 
poliomyelitis virus have been isolated by Syverton et from B. 
germanica, P. americana and S. supellectilium, taken on the premises of 
patients suffering from paralytic poliomyelitis. It was possible to transmit 
the virus from the naturally infected insects to susceptible hosts. Laboratory 
tests in which mice have been injected with suspensions of faeces and 
tissues from cockroaches {P. americana) artificially fed Lansing polio- 
myelitis virus indicate that the insect loses its infectivity within 24 hours.*'® 

Among the many protozoa carried by cockroaches, the most important 
is Entamoeba histolytica, responsible for amoebic dysentery. Cysts resemb- 
ling those of E. histolytica have been found among many species of cock- 
roach from widely separated sources, including Egypt, Venezuela and 
Peru. In addition, cockroaches serve, naturally, as the intermediate hosts 
for 12 species of helminths including the eggs of various hookworms and 
the larvae of many round worms. The most well-known of these worms is 

• Salmonella schatimuelleriisaialMVil pathogen of man, causing enteric fe\er, and is 
occasionally a pathogen of farm animals. S. oranienburgv.as first isolated from the faeces 
ofachild in achildreD'shome near Oranienbu^, just north ofBerlin. It ssas laterisolated 
from cases of gastroenteritis in man and has also been taken from chickens and povs dered 
egg. S. bredeney was first found by Hohn and Hernnan in Bredeney, Germany, from cases 

of human gastroenteritis and an abscess of the lower jaw. It is also found in pigs and 

chickens.*** 
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Oxyspirura mansoni, the eye worm of poultry, for which Pycnoscelus 
surinamensis is one of the natural intermediate hosts. 

Experimental transmission of disease oi^anisms 

To explore further the potential of cockroaches in their natural environ- 
ments to carry disease organisms, many attempts have been made to 
examine the fate of organisms fed artificially to cockroaches. To determine 
the period that bacteria and other organisms may remain viable in the 
alimentary tract, faeces have been collected from test cockroaches over 
many weeks. In these experiments it has been necessary to immobilise the 
cockroaches in some way so that they have no opportunity to contaminate 
other parts of the body while receiving infective food, or to pass infection 
from the mouthparts to faeces other than through the gut. In addition, 
organisms have been inoculated onto the cuticle to explore the potential 
of cockroaches to spread disease by physical contact. 

From early experiments of this type, it was concluded that cockroaches 
could, by contamination with their faeces, infect food and milk with 
intestinal bacteria, transmit the bacillus for human tuberculosis, dissemin- 
ate various pathogenic staphylococci and carry destructive moulds."^ 
Also cockroaches could carry Escherichia coli and other pathogeruc bac- 
teria on their legs, and these too could be found in faeces.*^* 

In the Philippines, Barber*^* found that P. americana and L. maderae 
were able to carry PasteureUa pestis (the causative organism of plague) and 
that Vibrio comma (the cholera bacteria) multiply in the alimentary canal 
of cockroaches and are discharged in the faeces, without loss in virulence. 

In Accra, Macfie”*^ established that P. americana fed on sputum 
containing tuberculosis bacillus failed to pass bacteria in faeces on the 
first day aft-r infective feeding but bacteria were present from the second 
to the fifth. Also, cockroaches given scrapings from the nose of a leper 
passed faeces containing Mycobaderium leprae one or two days later. In 
addition positive results were obtained with Entamoeba histolytica taken 
from stools of African patients sutTering from acute dysentery. Cysts of 
this organism were found in cockroach excreta for one to three days 
after infective feeding and again appeared unharmed by passage through 
the insect gut. 

Macfie also obtained positive results with various parasitic worms; eggs 
of Ancylosioma duoclenale (human hookworm) and A. ceylanicum (dog 
hookworm) passed unharmed through the gut of F. americanaund appeared 
in the faeces for one to three days after the infective meal. The same result 
was obtained with the beef tapeworm {Taenia saginata), intestinal round 
worm {Ascaris lumbricoides), and human whipworm {Trichuris trichiura). 

Gastroenteritis and food poisoning organisms 

Whilst sources of tropical disease organisms arc unlikely to be readily 
available to cockroaches in cool climates, a number of bacteria are avail- 
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able under conditions of poor hyyene and sanitation in temperate coun- 
tries. These include the Salmonella bacteria responsible for food poisoning 
and gastroenteritis. 

In preliminary tests with food poisoning bacteria, Olson & Rueger^*^ 
were able to show that Salmonella enteritidis fed to B, gennanica could be 
recovered from the faeces within two days. Similarly, Salmonella typhi- 
murium could be recovered from the digestive tract up to nine days after 
infective feeding. Studies also with the German Cockroach by Janssen & 
Wedberg*®® provided infected faecal pellets for seven days and viable S. 
typhimurium in the alimentary canal for up to nine days. In Australia, this 
bacterium was recovered from the gut and faeces of P. australasiae and S. 
supellectiliumj^^^ and it can also be carried on the exoskeleton of B. 
gennanica for at least tea days.'*** 

Jung & Shaffet*^* investigated the survival of ingested Salmonellae (S. 
typhimurium and S. montevideo) by allowing starved cockroaches to feed 
on faeces (from healthy humans) inoculated with varying doses of bac- 
teria. The amounts ingested in a single meal varied from 0-02 to OT gram. 
Survival of these Salmonellae in the gut of P. americana occurred fairly 
regularly and persisted for at least seven days when the insects ingested 
amounts of faeces containing 10,OCO or more viable bacteria. Previously, 
Wedberg et a/.*’* had shown that at least 5,CC0 S. typhimurium had to be 
consumed to obtain infection in Blaberus craniifer. 

Vector capabilities of difTerent species of cockroach 
In more extensive tests with 5. oranienburg isolated from a food poisoning 
incident in which 16 people became infected, attempts were made to ex- 
amine the vector capabilities of the three co mm on species of pest cock- 
roaches. After feeding, P. americana produced infected faeces within 24 
hours and for up to ten days; faecal pellets produced during the first few 
days were 100 per cent positive. Infected pellets were also obtained from 
B. gennanica for up to 12 days, and for as long as 20 days from B. orientalis. 
A post-mortem on Oriental Cockroaches showed that the bacterium re- 
mained viable in the gut of this insect for as long as six weeks.***^ 

Using four species of cockroach (P. australasiae^ P. fgno/a, S. supellec- 
tilium and N. cinered), and five species of Salmonella, Mackerras 8c Pope*^* 
obtained no indication that different species of cockroach were more 
efficient than others as carriers, or that different Salmonellae were more 
infective than others. The bacteria were isolated either from the faeces 
during life, or from the gut at post-mortem, and of the 44 cockroaches 
used, 15 remained infective for 8 to 42 days and seven (about 16 per cent) 
became ‘chronic carriers’, producing infected pellets intermittently for 
more than a fortnight. 

Typhoid 

The potential of cockroaches to transmit Salmonella typhosa, the causative 
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organism of typhoid, is open to question. In 1903, Englemann”* described 
an outbreak of typhoid in Chicago and suggested, without any evidence, 
that cockroaches were acting as carriers. 

Reference has already been made (see page 309) to the successful isola- 
tion of 5. typhosa from the legs and faeces of B. orientalis associated with 
typhoid patients in Italy, yet attempts to pass this bacterium through a 
number of experimental vectors has given variable results. 

For example, massive doses of the bacterium fed to Blaberus craniifer^** 
failed to show its presence in the gut or faeces, and B. germanica fed 
billions of S. typbosa^^ produced only two positive faecal pellets among 45 
passed within the first 18 hours of infective feeding, and none after 24 
hours. Moreover, the contents of the alimentary canal of these insects gave 
only one positive culture between 12 and 15 hours after the massive doses 
were given. 

Macfie**® also failed to recover Salmonella typhosa from P. americana, 
although other workers with this cockroach**® and with P. australasiae*^^ 
were able to isolate the organism from excreta for up to three days. Using 
Blatta orientalis, Spinclli & Reitano*®* recovered S. typhosa from the 
insect’s gut for up to nine days and from the faeces for up to three days. 
In contrast, McBurney & Davis*** again using the Oriental Cockroach fed 
the typhoid bacterium for five days, obtained isolates which could only 
once be confirmed as S. typhosa by the recognised tests. 

Awordingly, there is reason to believe that the typhoid bacterium may 
require more precise conditions for its passage in a viable state through the 
gut of cockroaches than is the case for the food poisoning organisms 
previously discussed. In this regard it seems probable that some species of 
cockroach may be more effective vectors of S. typhosa than others. 

Persistence of bacteria in cockroach excrement and on utensils and food 
One of the features of bacteria which plays an important role in the spread 
of infections is that many arc able to remain infective on inert surfaces for 
long periods. Salmoneila oranienberg can remain viable in the excrement of 
P. americana for 85 days at 52-56 per cent relative humidity and for over 
SIX months at 30 per cent relative humidity. On glass, which cockroaches 
may contaminate with faeces or vomit, S. oranienburg can survive at room 
temperature for 34 days, whilst on cornflakes this period is extended to at 
least 62 days and on dry biscuits to 88 days. It is also apparent that cock- 
roaches with access to infected material can contaminate liquids by mouth 
contact or regurgitation, for at least four days, and that bacteria can 
rernain viable on the relatively smooth pronotum of the insect for as long 
as 78 days.**' 


Allergy to cockroaches 

The varying semiiiviiy of humans to the stings of bees and wasps is well 
known, but far less information is available on the reactions of humans to 
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coatact with cockroaches. In a preliminary study on this subject, Bernton 
& Brown* 2 s found that 28 per cent of 1 14 patients suffering from various 
allergies gave positive skin tests with extracts of cockroaches as compared 
with only 7.5 per cent of 253 normal individuals. In subsequent work^^a 
these authors give evidence to suggest that the greater the exposure of 
humans to German Cockroaches the greater is the likelihood of develop- 
ment of skin sensitivity to cockroach allergen; the allergen can be detected 
in food partially consumed by cockroaches, and is not destroyed by a 
cooking temperature of 100°C. Among almost 600 allergic patients belong- 
ing to four ethnic groups, routinely visiting seven hospitals in New York 
City, over 70 per cent reacted positively to the cockroach allergen. Positive 
reactions were most marked among Puerto Ricans (59 per cent), less 
marked among Negroes (47 per cent) and Italians (17 per cent) and least 
among Jews (5 per cent); this is the same order as the severity of cock- 
roach infestations (B. genuanica) reported in the homes of these four 
groups in New York City (unpublished). 

The role of cockroaches in disease transmission 

Only a small proportion of the large amount of information on the in- 
cidence of cockroaches and their association with disease organisms, under 
natural or experimental conditions, has been cited in this chapter. For 
more detailed information the interested reader can do no better than 
consult ‘The Medical and Veterinary Importance of Cockroaches’ by 
Roth & Willis* which has proved of immense value in compiling this 
review. 

We now have the task of drawing together the facts to provide a proper 
Understanding of the practical importance of cockroaches in disease trans- 
mission. Almost every author who has faced this task has prefaced his 
remarks with cautions, which range from ‘the cockroach, like many other 
household insects, can be regarded only with suspicion’**® to ‘cockroaches 
are decidedly one of our most serious public health problems’.*** The truth 
probably lies somewhere in between ! 

The facts presented in this chapter incriminate the cockroach beyond it 
being just an insect with repulsive habits. In the context of disease, three 
points arise. 

(1) Cockroaches favour the environments created by man for the dis- 
charge of effluent, waste disposal and human sanitation. That cockroaches 
also favour the environment of kitchens where food is prepared for public 
Consumption is only too well known. The movement of cockroaches from 
one location to another provides a ready means for the contamination of 
food and food preparation surfaces with disease organisms. 

(2) ^ There is ample evidence that cockroaches carry pathogens in and on 
their bodies and that these organisms may remain viable on the cuticle, 
m the alimentary canal and in their excreta for several days or weeks. 
Disease transmission may occur readily by regurgitation from the mouth- 
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parts or it may be attenuated over long periods by cockroaches acting as 
‘chronic carriers’ with the intermittent production of faecal pellets contain- 
ing infective organisms. 

(3) At present there is only circumstantial evidence to link diseases 
which it is known can be carried, or arc carried by cockroaches, with 
disease outbreaks. The evidence, however, is sufficient to justify the im- 
mediate control of cockroach infestations as soon as they arise in all areas 
where they may create a possible hazard to public health. 

Perhaps the most striking piece of evidence tending to incriminate the 
cockroach as a carrier of disease, is that given by Graffer & Meitens*®® 
involving an epidemic of food poisoning caused by Salmonella typhi- 
murium among children in the nursery of a hospital in Brussels. This 
infection persisted for two months, despite isolation of the patients from 
possible healthy carriers. Cockroaches had not been considered as possible 
carriers because none had been seen by day. Attention was however drawn 
to an infestation of B. germanica by a night nurse when cockroaches were 
seen to run over the bed clothing and over the children at night. Among 
the cockroaches caught, one was found to be carrying numerous bacteria 
identified as S. typhimurium. When the cockroach infestation was con- 
trolled with DDT and no more living cockroaches were seen, there was 
also an immediate check on the epidemic of food poisoning. 
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Apart from the occasional establishment of the American and Australian 
Cockroaches in Britain, and even more rarely of such species as Peri- 
planeta bnmnea (see p. 64) and S. supcllectUium (p. 68), there are only 
two pest species which occur regularly, namely, the German Cockroach 
and the Oriental Cockroach. 

This situation contrasts markedly with certain areas of the United 
States where at least four or more pest cockroaches may occur within a 
group of premises and two or three species within one building. As an 
example, a survey of the occurrence of cockroaches in apartments in North 
Carolina”* has shown that the German Cockroach occurs about four 
times more often than the Brown-banded Cockroach, but together with 
the occasional occurrence of the American, Oriental and Smoky-brown 
Cockroach {P. fulginosd). 

The occurrence of dilferent cockroaches in buildings is influenced 
to a marked extent by the type of property : thus in three cities in North 
Carolina, in which 44 per cent of the buildings were found infested, 
B. germanica occurred about twice as often as B. orientalis in houses, 
where P. americana and S. supeUectilhnn were found only infrequently, 
yet in shops, the German and Oriental species were found in about equal 
numbers. In restaurants, infestations of B. germanica were found three 
times more often than B. orientalis (Table XXXV). Disregarding the type 
of premises, infestations of B. germanica, B. orientalis, P. americana and 
S. siipellectilium, occurred in the ratios 16 ; 10 : 2 : 1.*” 

In a country as large as the United States with a wide range of climate 
the incidence of different cockroaches varies with geographical location. 
Those which live outdoors are frequently found indoors and the numbers 
of pest species increases as one travels south. In a temperate climate, like 
that of the British Isles, infestations of pest cockroaches are rarely en- 
countered outdoors, and the three outdoor species of Ectobius (p. 90) 
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are not found indoors. Moreover infestations of B. germanica and 
B. orientalis within properties arc buffered from the small outdoor varia- 
tions in climate which exist in different parts of the country. 

Table XXXV 


FREQUENCY OF OCCURRENCE OF COCKROACHES IN BUILDINGS 
IN N. CAROLINA 
(Data from Wri^t***) 


Type of 
building 

No. with 
cockroaches 

Frequency 

German 

Oriental 

American 

Brown-banded 

House 

157 

116 

64 

4 

7 

Shop 

17 

14 

14 

4 

0 

Restaurant 

12 

12 

4 

I 

0 

Apartment 

5 

5 

3 

2 

2 

Others 

30 

17 

18 

12 

1 

Total 

221 

164 

103 

23 

10 


Accurate statistics on the incidence of pest insects are difBcult to obtain. 
Only in recent years have we begun to recognise the value of factual data 
on pest abundance, especially of agricultural pests, when come to con- 
sider control by management of the environment as opposed to the use of 
chemicals. It has been wisely said that the density of cross-hatching on 
most insect distribution maps can be correlated with the density of ento- 
mologists. This would appear true for recent maps of the distribution of 
the German and Oriental Cockroaches in the British Isles (Fig. 138) where 
many blanks appear but where the species is by no means absent.*^ 

Changes in post>war Britain 

Early references to cockroaches in Britain indicate that the Oriental 
Cockroach is by far the most common, but with the change in eating 
habits, involving the growth of the hotel and catering industries and 
the gradual introduction of such amenities as central heating, there is 
reason to believe that the relative incidence of the species may have 
changed, at least in certain types of properly. As an example of such a 
change, but for reasons not yet understood, reference has already been 
made to the replacement of the American Cockroach by the German 
Cockroach in the accommodation of modern ships. Because of the absence 
of factual data, one is tempted to ask whether the German Cockroach has 
recently assumed this position, or is it that the smaller German Cockroach 
has been mistaken for many years for nymphs of the American species? 

Statistics on the numbers of different types of properties constructed in 
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Britain since the last World War are not accurately known, but it is 
estimated that about 20 per cent of existing properties were built during 
the last 25 years. 

This extensive rebuilding has involved the use of new materials and con- 
structional methods. Our appreciation of modern internal d^cor has 
changed; panelling is used extensively to give smooth lines to internal 
surfaces and new insulation materials are being employed. The boiler 
house of a modern office block ofiers far less favourable accommodation 
to cockroaches than its old fashioned predecessor. Oil-fired and gas cen- 
tral heating have partly replaced solid fuel. Much of present-day plumbing 
consists of small bore piping within well-insulated service ducts minimi sing 
the available water for insects by way of condensation. Air extraction 
and ventilation are relatively new features in modem kitchens, where 
equipment is fitted close to walls, floors and skirtings, but leaving the 
inevitable gaps which fail to exclude cockroaches. Nevertheless the kitchens 
of modem catering establishments are designed for better hygiene and 
ease of cleaning and show a tremendous improvement over kitchens of 
pre-war design. The importance of hygiene has grown with increasing 
competition between the food industries and the level of hygiene in homes 
has seen an enormous change within the present century. But there has 
been an increased spread of imports, and therefore of insects, from ports 
to inland production areas as well as greater trade between diflerent parts 
of the country. More packaging materials are being used than ever before, 
increasing the opportunity for spread of cockroaches from one premises to 
another. Straw is a packaging material of the past, having been replaced 
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by synthetic materials, and more and more crates are marked ‘non- 
returnable’. How have all these factors influenced the environments and 
movement of the Oriental and German Cockroaches and affected the 
relative abundance of the two species? 

The absence of statistical records precludes an answer to this question 
but Green”* suggests that ‘if an accurate assessment could be made it 
would probably be found that the position has been reversed and that the 
German Cockroach now outnumbers its Oriental cousin both in numbers 
of infestations and numbers of individuals*. 

This chapter Is concerned with the incidence of cockroaches in buildings 
in the British Isles at the present time. It is concerned with the results of a 
survey in which information on 4,004 premises was reported by the Service 
Staff of Rentokil Laboratories who were responsible for pest control in 
those premises. These staff had been trained, as part of their servicing work, 
to distinguish between cockroach species. Since only two are involved, 
with the very rare occurrence of others, the accuracy of identifications is 
considered high. Among the 4,004 premises investigated, only 15 con- 
tained species other than B. germantca and B. orientalis, and the validity 
of these identifications was checked. 

The suncy 

Space is given here to the conduct of the survey because it may be useful 
as a model for obtaining information on other industrial pests. Each 
serviceman was asked to answer seven questions about infested premises 
where he personally had seen cockroaches alive or dead. One of the forms 
for reporting the information is reproduced opposite. 

It is the practice of Servicing Companies to allocate a contract number 
to each premises treated for pest control. This is required simply for 
reference purposes but proved useful for checking some of the cockroach 
identifications. The type of premises or industry had to be selected from a 
list of 50, issued with the report forms, but to aid in analysis many similar 
types of property were grouped. The age of the property was often difficult 
to assess; properties built before the Second World War, but with post- 
war additions, were grouped with pre-war properties. 

The species of cockroach in each of the premises was based on the visual 
observations of the serviceman. In most, the infestation had been con- 
trolled at the time of reporting so that this information and details of the 
locations of the infestation, retied to some extent on the memory of the 
man, supported by information on the treatment card which records the 
history of the infestation over the previous months. The type of heating 
in the premises was in many cases difficult to describe. Servicemen were 
instructed to ansuer ‘no’ if the building was not above average tempera- 
ture, centrally if a heating plant was installed, and ‘otherwise’ if portable, 
oil or other equipment was used. Premises with part central heating were 
included among those with full central heating. 
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FILL IN THIS REPORT OH THE PREMISES. 

1. Contract Ho. 72^10093 

2. Type of premises or 

industry carried on Restaurant. 

3. Age of premises (state pre- 

or post-war) Pre-war, 

4» Address (town. & county only) London, 1, 


5* Have you personally seen, at any time (live or dead)? 


(tick 


Steamflies 
B. permanica 

Black beetle 
B.orlentalis 

Others 

P.americana 



1 n 

1 1 

1 / 1 




[ □ 

1 1 



6, Where in the premises? (tick locations for species 
seen) 


Cellar/basement 

Boiler room 

Ducts 

Kitchens 

Larder/storea 

Bating areas 

Lounges 

Bars 

Service pantrie 

Bedrooms 

Bathrooms 

Toilets 

Linen stores 

Laundry 

Offices 

Other places 

(state) 

































</' 












y 






7. Are the premises heated (above average temperature)? 
(tick box) llo I ^ Centrally r 1 Otherwise I i 
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The sample 

The 4,004 premises cannot be considered a random selection of properties, 
since (I) they all contained cockroaches at sometime, (2) the owner of the 
premises asked for the pest to be eradicated, and (3) a disproportionately 
high number of certain types of property were examined in one area 
compared with another. 

Gcograpliical distribution 

Information was obtained from ail but one county in England and one in 
Wales, and from all but three counties in Scotland and four in Ireland. 
These omissions are believed to have little significance in relation to the 
conclusions reached from the survey. To handle the data more easily, and 
to study geographical variations, the country was split into ten arbitrary 
units (Fig. 139). These were not equal in area, but the sample in each unit 
comprised not less than 200 infested properties. 

A brief description of the geographical units will help to distinguish 
them. ‘North Scotland’ comprised the Highlands and some information 
was obtained from the Western Isles and Orkneys. A high proportion of 
the data for ‘South Scotland’ came from Glasgow. ‘North England’ con- 
tained the highly populated areas of Liverpool, Manchester and Tyne- 
side as well as the large rural areas of Yorkshire and the Lake District. 
The ‘East’ was characterised by the agricultural counties of Lincoln, 
Norfolk and Suffolk together with the urbanised areas north of London. 
The ‘Central’ area comprised the industrial Midlands centred on Birming- 
ham. In complete contrast, the ‘West’ consisted of Wales, with its sparsely 
populated sheep-country, together with the south Wales coalfield and the 
industrial port of Cardiff. This area also included Birkenhead in the north 
and Newport in the south. 

The ‘South West’ was made up of five counties extending eastward to 
the borders of Hampshire and Berkshire, comprising that part of the 
country with the warmest winters and characterised by numerous holiday 
resorts. The ‘South East’ stretched from Bournemouth to Margate and 
from Oxford to Eastbourne. This area included the Isle of Wight, many 
south coast holiday towns as well as the dormitory areas of south London. 
The density of population in this area varies considerably with proximity 
to London and the coast. 

‘London’, composed heterogeneously of the City, dockland, and the 
West End, embraced the London Boroughs. Relatively few observations 
were made in Ulster and Eire so these were grouped into one area, ‘Ire- 
land’, where about one-third of the data came from the cities of Belfast 
and Dublin. 

Types of property 

The types of properties in the geographical units varied considerably 
(Table XXXVI). Thus, although 910 (23 per cent) were hotels, these 
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Fig. 139. The sampling areas and the numbers and distribution of infested 
premises. 


accounted for only 3 per cent of the properties in London, compared with 
36 per cent in the ‘South West’ and 37 per cent in Ireland. Half the textile 
factories were in the ‘North’, a quarter of the schools and colleges in the 
‘South East’ and over a third of public houses in the ‘Central’ area. Other 
examples of heterogeneity can be found in the Table; relatively few schools 
'\ere included in London and in North and South Scotland, and a dis- 
proportionately large number of chemical and engineering factories nere 
among the properties of the ‘Central’ area. Many of these variations 
result, of course, from the differences in geographical distribution of popu- 
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lation and of industry in Britain, but not, it is believed, of educational 
requirements or drinking habits! 

Table XXXVI 

COCKROACH SURVEY; NUMBERS AND DISTRIBUTION OF DIF- 
FERENT TYPES OF INFESTED PROPERTIES COMPRISING THE 
SAMPLE 






Geographical unit 





Type 

of 

property 

3 

to 

South East 

London 

East 

Central 

^2 

North 

S, Scotland 

N. Scotland 


Total 

Hotels 

183 

186 

10 

47 

105 

74 

too 

29 

92 

84 

910 

Restaurants & 












cafes 

69 

101 

93 

43 

74 

25 

102 

50 

23 

19 

599 

Food factories 

66 

34 

46 

61 

73 

54 

98 

33 

33 

40 

558 

Hospitals 

29 

54 

2( 

14 

61 

37 

53 

30 

39 

34 

372 

Shops 

40 

34 

29 

11 

41 

27 

58 

21 

11 

8 

280 

Schools, colleges 











165 

& convents 

18 

37 

2 

18 

34 

15 

21 

2 

2 

16 

Houses, flats & 
conval. homes 











159 

36 

39 

12 

6 

18 

10 

24 

2 

7 

5 

Chemical & 












eng. factories 

8 

11 

13 

9 

54 

12 

39 

6 

3 

3 

158 

Cinemas &. 












theatres 

10 

14 

7 

13 

37 

16 

34 

5 

1 

2 

139 

Laundries 

11 

22 

18 

6 

12 

6 

31 

4 

7 

4 

' 121 

Public houses 

10 

6 

13 

4 

41 

6 

21 

5 

2 

2 

110 

Textile factories 

1 

1 

5 

2 

30 

7 

49 

4 

9 

1 

109 

Clubs & 












public halls 

3 

10 

25 

2 

18 

8 

18 

4 

2 

3 

93 

Hostels & 












holiday camps 

i 8 

7 

9 

6 

15 

6 

4 

1 

3 

0 

59 

Breweries 

4 

5 

5 

4 

11 

6 

12 

1 

2 

J 

51 

Offices 

5 

1 

11 

2 

5 

2 

13 

4 

2 

0 

45 

Others 

6 

7 

10 

8 

10 

11 

14 

4 

2 

4 

76 

Total 

507 

589 

329 

256 

639 

322 

691 

205 

240 

226 

4,004 


Pre-war 

467 542 303 229 575 274 609 183 211 193 

3,586 

Post-war 

40 47 26 27 64 48 82 22 29 33 

418 
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Age of properties la relation to dUtribiUioa and type 
About 90 per cent of the properties were built before World War II and 
10 per cent after the war. This ratio, however, varied for different parts of 
the country (Table XXXVl) and with the type of premises (Table XXXVll). 
Thus in the south of England (S.W., S.E. and London), post-war proper- 
ties comprised only 8 per cent of the sample whereas in the ‘West’, ‘North’ 
Northern Scotland and Ireland, the sample contained up to 15 per cent 
new buildings. Among different types of property, very few hotels (5 
per cent) and few hospitals (6 per cent) were built after the war, whereas 
14 per cent of food factories, 15 per cent of chemical and engineering 


Table XXXVU 

COCKROACH SURVEY: NUMBERS OF PRE- AND POST-WAR 
PROPERTIES COMPRISING THE SAMPLE 


Type of property 


Total 

Pre-war 

Post-war 

Hotels 


910 

870 

40 

Restaurants &. cafes 


599 

524 

IS 

Food factories 


558 

483 

75 

Hospitals 


372 

349 

23 

Shops 


280 

236 

44 

Schools, colleges & convents 


165 

150 

15 

Houses, flats & convalescent homes 

159 

144 

15 

Chemical & engineering factories 


158 , 

134 

24 

Cinemas & theatres 


139 ' 

129 

10 

Laundries 


121 

112 

9 

Public houses 


no 

96 

14 

Textile factories 


109 

99 

10 

Clubs & public halls 


93 

78 

15 

Hostels & holiday camps 


59 

48 

11 

Breweries 


51 

45 

6 

Offices 


45 

39 

6 

Others: 





Military establishments 

13 1 




Warehouses 

13 




Farms 

12 




Laboratories 

U 




Public baths 

10 




Garages & transport 

7 

76 

50 

26 

Electricity & gas works 

4 




Mines 

3 




Fire stations 





Markets 

1 




Studios 

1 




Total 


4,004 

3,586 

418 
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factories and 16 per cent of shops were post-war. Proportionately fewer 
cinemas and theatres have been built since the war (7 per cent), whereas 
clubs and public halls (16 per cent) and hostels and holiday camps (18 per 
cent) have become more numerous. 

Heating 

Of the 4,004 infested premises, 2,973 (74 per cent) were centrally heated. 
The incidence of central heating varied little between pre- (74 per cent) 
and post-war properties (80 per cent). Accordingly, other types of heating, 
or none, occurred in 1,031 premises (26 per cent), this same percentage 
in pre-war properties and 20 per cent in those built after the war. For the 
purposes of analysis, ‘other types’ of heating and ‘none’ are considered 
as one group. 

The presence or absence of central heating varied considerably with 
different types of property and with their age (Table XXXVIII). Thus 
55 per cent of post-war food factories were heated centrally compared 

Table XXXVIII 


COCKROACH SURVEY: THE INCIDENCE OF CENTRAL HEATING 
IN PRE- AND POST-WAR PROPERTIES COMPRISING THE SAMPLE 


Type 

Pre-war properties 

Post-war properties 

property 

Number Percentage 
with central of total 
heating 

Number 
with central 
heating 

Percentage 
of total 

Hospitals 

343 

98 

22 

96 

Cinemas & theatres 

124 

96 


100 

Hotels 

802 

92 

1 

39 

98 

Hostels & holiday camps 

44 

92 

10 

91 

Schools, colleges & convents 

137 

91 

' 15 

100 

Chemical & eng. factories 

118 

88 

21 

88 

Textile factories 

86 

87 

10 

100 

Offices 

34 

87 

6 

100 

Clubs & public halls 

63 

81 

14 

93 

Houses, flats & conv. homes 

99 

69 

12 

80 

Restaurants & cafes 

338 

65 

59 

79 

Public houses 

57 

59 

13 

93 

Laundries 

63 

56 

6 

61 

Breweries 

25 

56 

5 

83 

Shops 

109 

46 

30 

68 

Food factories 

159 

33 

41 

55 

Others 

36 

72 

23 

88 

Average 

(2.637) 

74% 

(336) 

80% 
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with only 33 per cent pre-war; central heating was present in 68 per cent 
of post-war shops compared with 46 per cent pre-war, and in 79 per cent 
of post-war restaurants compared with 65 per cent pre-war. Among 
recently built hotels, 98 per cent were heated centrally, a Bgure only a 
little above the 92 per cent for hotels constructed before the war. 

This analysis of the ten geographical areas has shown variation in the 
type of properties and in their age. These two factors combine to influence 
the distribution of central heating (Tabic XXXIX). Thus, the sample of 
pre-war properties in London contained 62 per cent with central heating, 
66 per cent in the ‘East’ and 81 per cent in Northern Scotland. Among 
post-war properties, London contained 73 per cent with central heating, 
Ireland with even fewer, 70 per cent, yet Southern Scotland with the 
maximum of 91 per cent. 


Table XXXIX 


COCKROACH SURVEY; THE INCIDENCE OF CENTRAL HEATING 
IN PRE- AND POST-WAR PROPERTIES IN GEOGRAPHICAL AREAS 


Geographical 

area 

Pre-war properties 

Post-war properties 

Number 
with central 
heating 

Percentage 
of total 

Number 
with central 
heating 

Percentage 
of total 

North Scotland 

171 

81 

26 

90 

Central 

461 

80 

50 

78 

South Scotland 

142 

78 

20 

91 

West 

215 

78 

37 

77 

North 

455 

75 

67 

82 

South West 

341 

73 

33 

82 

Ireland 

137 

71 

23 

70 

South East 

378 

70 

41 

87 

East 

150 

66 

20 

74 

London 

187 

62 

19 

73 


Incidence of cockroach species 

Taking the British Isles as a whole, B. genuanica occurred in 859 of 
the mfested properties (21 per cent) and B. orientalis in 3,552 (89 per 
cent), a ratio of infestations of 1 :4*1. The two species occurred to- 
gether in 415 properties (10 per cent). Periplaneta americana was found in 
14 properties (0*35 per cent); these included seven properties in which 
germanica or B. orientalis, or both, also occurred. One property only 
contained Supella supellcctUhan and no other species. As infestations of 
the German and Oriental Cockroaches are by far the most common, these 
species will be considered first. 
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Infestations in different types of property 

The incidence of German and Oriental Cockroaches in different types 
of property varies considerably (Fig. 140). Infested premises which 
most favour the German Cockroach are clubs and public halls (42 per 
cent), restaurants and cafes (39 per cent), and breweries (39 per cent). 
Those which most favour Oriental Cockroaches are cinemas and theatres 
(97 per cent), houses, flats and convalescent homes (96 per cent), and 
laundries (94 per cent). Accordingly the ratio of infestations of the two 
species, in different types of property, deviates considerably from the 
average of 1 ; 4'1. Clubs and public hails are ten times more susceptible 
to infestation by B. gennamca (ratio 1 : 1*7) than dwellings (ratio 
I : 17-0). In contrast, properties which deviate only slightly from the 
average are hospitals, offices, shops and hotels (ratios of 1 : 4'1 to 
1 : 4-6). 


Infestations and the age of properties 

Pre-war properties comprised 90 per cent of the sample. In these, German 
Cockroaches were found in 714 (20 per cent) and Oriental Cockroaches in 
3,241 (90 per cent). Infestations of both species occurred in ten per cent. 
The ratio of infestations by German to Oriental Cockroaches in pre-war 
properties is therefore I ; 4-5. 

Post-war properties contained 145 Infestations of B. germanica (35 per 
cent) and 319 of B. orienialis (76 per cent). Both species occur in 1 1 per 
cent. Accordingly, the ratio of infestations for post-war buildings, 1 : 2-2, 
IS much lower that that for pre-war buildings (Fig. 141). 

The most striking feature about the greater incidence of German 
Cockroaches relative to B. orienialis in post-war buildings is that it occurs 
m almost every type of property (except schools, colleges and convents, 
<^neraas and theatres). Infestations of Oriental Cockroaches relative to 
fewer in 1 1 types of premises and greater in only five, 
his change m the incidence of the two species with the age of properties 
owers the ratio of infestations of B. germanica to B. orienialis in 14 of 
trie 16 types of premises examined. 

detail the greater incidence of B. germanica relative 
compared with old properties, premises were con- 
1 ere as our groups. These contained roughly equal numbers and are 
arranged m order of decreasing incidence of B. germanica in Table XL. 
in those with a high incidence of German Cockroaches (Group I) infesta- 
wJth pre-war buildings to 62 per cent in post-war, 

drop in B. orienialis from 80 to 51 per cent. A much 
smaller change occurs in those premises least susceptible to infestation 
cLviT”'-" infections of German 

a"" “nd infestations of Oriental 

Cockroaches decrease only slightly from 94 to 92 per cent. 



RELATIVE TO B. ORtEKTALlS 
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Percentage i 
infested by 
B. oricntalis 

80 

51 

92 

78 

93 

87 

-a- rj 
o\ o\ 

1 Pcrceniage 
infested by 
B. gennanica 

^ 34 

62 

21 

, 35 

18 

25 

os ^ 

Nutnber oj \ 
infested 
properties I 

743 

110 

758 

97 

r- 

601 

898 

' Age 

of 

property 

Pre-war 

Post-war 

Pre-war 

Post-war 

1 Pre-war 

Post-war 

Pre-war 

Post-war 

Type 

of 

property 

Clubs, restaurants, caf^s, 
breweries & public 
houses 

Chem. Sc eng. factories, 
hospitals, offices Sc 
shops 

Hotels, hostels, holiday 
camps, schools, colleges 1 
convents & textile 
factories ' 

Food factories, cinemas, 
theatres, laundries, 
houses, flats & conv. 
homes 

Group 

- 

s 

5 

> 
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A'emises z^xninng B germamca 



!? incidence (%) of B germanica and B. orienlalis in different 
Ti,» P[®nuses arranged in order of decreasing incidence of B. 
and n premises and those containing A ge/'/nametJ 

of nrrmic/>< bottom of the histograms. Because about 10% 

100% species, the combined percentage incidence exceeds 
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141. The ratio and incidence (%) of B.germam'ca and B. orientalis in different 
types of infested premises built pre- and post-war. Premises arranged in order of 
decreasing incidence of B. gennanica (cf. Fig. 140), The ratio of infestations of 
the two species could not be calculated for post-war cinemas and theatres since 
none contained B. germanica. 
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Infestation and central heating 

The most plausible explanatioa for the apparent increase in German 
Cockroaches relative to B. orienlalis in post-war buildings is a change in 
the environment. With the preference of the German Cockroach for 
higher temperatures the explanation may lie in the type of heating. On the 
other hand, most post-war offices and industrial buildings now incor- 
porate a canteen and the presence of more kitchens, for which the German 
Cockroach has a predilection, could be an influencing factor. 

Reference has already been made to the relatively small difference in the 
amount of central heating (74 per cent and 80 per cent) in pre- and post- 
war properties. It would appear unlikely therefore that changes in the 
method of heating are responsible for the greater incidence of B. gertnanica. 
This conclusion is supported by the very small difference between the oc- 
currence of the two species In pre- and post-war buildings which have 
different types of heating (Table XLI). Nevertheless, analysis of these 
data by the method of chi-squared reveals an important fact, namely, a 
deficiency in the numbers of infestations of both species of cockroach in 
non-centrally heated, post-war buildings. (Chi-squared = 11'3; Proba- 
bility < 2 per cent.) As the staff who reported the information could not 
have specifically set out to avoid reporting on this type of building, one is 
led to the conclusion that relative to older properties, modern properties, 
without central heating, are less liable to infestation by cockroaches, of 
either species, than properties with heating. 

Table XU 

WCIDENCE OF INFESTATIONS OF GERMAN AND ORIENTAL 
COCKROACHES IN PRE- AND POST-WAR PROPERTIES, WITH AND 
WITHOUT CENTRAL HEATING 


Age 

of 

property 

Type 

of 

heating 

No. of 
infested 
properties 

Number and percent of 
infestations 

B. germanica B. orienlalis 

Ratio of 
infestations 
B.g. : B.o. 

Pre-war 

Central 

2637 

548 (21%) 

2405 (91%) 

1 :4-4 


umerornonc 949 | 

166 (17%) 

836 (88%) 

1 :50 

Post-war 

Central 

336 1 

119(35%) 

257 (76%) 

I :2-2 


uincr or none 82 

26 (32%) 

62 (76%) 

1 :2-4 


If the German Cockroach has been dependent for its increase in post- 
on the growth of central heating, wc 
f v ^ correlation between the relative incidence of German 

‘n pre-war properties. This quite clearly is not so. 
of Table XXXVIII shows that those premises in which B. ger- 
arc most often found, namely clubs, restaurants, cafes, breweries 
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and public houses, have the minimuni of central heating (an average of 
65 per cent) whereas those (Group 111, Table XL) in which B. genmmca 
IS encountered far less often, namely, hotels, hostels, schools and textile 
lactones have a much higher incidence of central heating (average 92 per 
cent). We must conclude therefore that even among pre-war properties, 
central hrating is not the primary factor which influences the presence of 
one or other species. 

^rhaps the strongest ar^ment against the suggestion that the increase 
Cockroaches might be associated with the growth of post-war 
cen ra heating comes from an analysis of different types of property. It 
so happens that the greatest increase in central heating, 65 to 83 per cent, 
^ occurred in properties (Group I) which have both the highest inci- 
ence o German Cockroaches and the greatest increase of the species in 
wV K J properties. Incongruously, though, properties (Group IV) in 
highest increase in central heating has occurred (51 per 
n m pre-war to 63 per cent post-war) have the lowest incidence of 
• genmnica and show the lowest increase with post-war development. 

;Ucations of inrestaUons ulthin buildings 

requirements for cockroach reproduction and survival 
rQaf'hAl°'^"’r water. Different parts of premises in which cock- 

room« are analysed in Fig. 142. Because, for example, bed- 

and bathrooms occur only in certain types of property and bars 

er-im* some, but not in others, each type of premises has been 

examined separately, 

co^ provide one of the most favoured locations for 

and car species occur most often here in restaurants 

dav ca houses, flats and convalescent homes, hostels and holi- 

the schools, colleges, convents and hospitals. The kitchen is also 

office*; ^ h location of B, genmnica in clubs, cinemas and theatres, 

infestaV^ °P^» ^^^'idries and all types of factories. In public houses, most 
favourJn Gemaa Cockroaches occur in the bar, with the kitchen 
tion of R The basement or cellar is the most favoured loca- 

Comn public houses, clubs, offices and shops, 

almost } species, the cellar, boiler room, and heating ducts 

^nd the Provide a more favourable environment for B. orientalis 

fheless th ^ more favoured micro-climate for B. genmnica. Never- 
botels *h certain types of property, namely restaurants and cafes, 

3nd food°^f K establishments and hospitals, where the warmth 

species I °i provide an equally favourable environment for both 

of fi laundries, the most frequently encountered sites of infestation 
Assum ducts and boiler room, 

cockroactfh * u ^^chen is infested, the next most favoured sites for 
pant ■ in eating and drinking houses are larders and ser- 

ies, eating areas and lounges. Toilets of most properties tend to 
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location is expressed as a percentage of number of premises contamine the 
species. The numbers of premises on which each histogram is based are giwn 
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favour ihc Oriental Cockroach (Table XLII): the incidence of Oriental 
Cockroaches in toilets in I in S of properties infested by this species and 
of D. gcnnanica in I in 6 of properties containing this insect, emphasises 
the health hazards associated \sith cockroach infestations in premises 
uhcrc food is sold or consumed. 

Table XLIi 

THE INCIDENCE OF ORIENTAL AND GERMAN COCKROACHES 
IN TOILETS OF INFESTED PROPERTIES 


Type 

of 

property 

Properties infested | 
Hith D.orienialis 

Properties infested 
Hith D. gcrmanica 

' Nuniber 

% hi7/j 

D. orienlalis 
in toilets 

Number 

% Hil/i 
D.germanlca 
in toilets 

Hostels Si. holiday camps 

50 

34 

9 

33 

Houses, Hats Si conv. homes 

153 

33 

9 

33 

Hospitals 

354 

33 

86 

19 

Cinenus Si theatres 

135 

32 

11 

27 

Clubs & public halls 

68 

28 

39 

31 

Restaurants dr cafes 

445 

27 

232 

16 

Public houses 

86 

26 

31 

7 

OlTiCcs 

38 

24 

9 

33 

Chem. Si eng. factories 

128 

22 

i 44 

25 

Shops 

231 

21 

56 

14 

Schools, colleges & convents 

153 

20 

21 

14 

Hotels 

849 

20 

184 

11 

llrcwcrtcs 

48 

15 

20 

0 

Laundries 

114 

14 

7 

14 

Tevtilc factories 

101 

12 

13 

15 

Food facturies 

524 

W 

65 

9 

Average (all properties) 


22\ i 


16?., 


The Oriental Cockroach i$ frequently found in the audttorium of 
cinenu-j and theatres, and in the olliccs of clerical Half. In these locations 
fo^ for cockroaches IS provided by the ’nibbling* public while being enter- 
tained, a-s well as by pariiallyconsumcd otficc sandwiches. Areas around 
presves in laundries and around ovens in food factories prevent ideal 
environments wjih steam and heal, which arc highly favoured sites for 
tx>th il and IJ. gcrni^nhij 

\S ithin the 4.ro4 premises, German Cockroaches were reported in 2.4»6 
U^iuinsarul Oriental Cockroaches in 13.451. If the number for each i)pc 
of property ti divided by the number of infested premises, an average is 
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obtained which allows a comparison of the extent of infestation of the 
two species within each type of buildings (Fig. 143). 

Without exception, infestations of B. orientalis are more widespread 
than B. germanica. Analysis of the means by the method of paired com- 
parison shows a highly significant difference {t — 5*7; Probability <0’I 
per cent). 'Ibis is a reflection of the greater tolerance of B. orienialis to 
lower temperatures and its lower susceptibility to desiccation (Chapter 12). 



Fig. 143. The average number oriocations infested by Onental and German cockroaches 
within different types of premises. Properties arranged in order of decreasing distribu- 
tion of B. orientalis. Infestations of B. gernumica are significantly more restricted in 
distribution than B, orientalis (Probability <0-1 %). 

The Oriental Cockroach is most widespread in hospitals occurring on 
average in six different locations. It is least widely distributed in food 
factories, where it occurs most often in the boiler room and around ovens. 
. The German Cockroach is most ividely distributed in hostels and holiday 
camps with an average of 4*6 harbourage sites, and least widely distributed 
in breweries, 1*3 locations. 

Using the same technique, but averaging over all types of premises, 
values can be obtained for pre- and post-war properties. Infestations of 
German Cockroaches occur in 2*9 locations in both old and new property, 
whereas the average for B. orientalis drops from 3'9 for pre-war buildings 
to 3'1 for post-war. This suggests that newer buildings, because of design 
or cleanliness, exercise greater restriction on the activities of B. orientalis 
than B. germanica, or perhaps, that it takes a number of years before the 
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Oriental Cockroach occupies all the favourable harbourages in a building 
during which the fabric of the building or level of hygiene may deteriorate. 

Geographical variation in the Incidence of species 

The information contained in the previous paragraphs, on the places where 
cockroaches are usually found, emphasises that many factors influence the 
suitability of a building for iiifestation by one or other species, or both; 
principally the existence of kitchens, boiler room, basement, heating ducts 
and a bar, which jointly influence the available warmth, food and water. 
Because the properties examined in different parts of the country were of 
many different types, with heterogeneity in the sample for different areas, 
it would not be surprising to And considerable variation in the relative 
abundance of B. germanica and B. of/e/j/u//s in different parts of the country. 

If the areas are considered, irrespective of the properties they contain, 
German Cockroaches are most prevalent in London and least common in 
the north of Scotland (Table XLIII). This information, however, is biased: 
few hotels were examined in London but a large number were included for 

Table Xtlll 

GEOGRAPHICAL AREAS ARRANGED IN ORDER OF DECREASING 
INCIDENCE OF INFESTATIONS OF B. GERMANICA. DATA NOT 
CORRECTED FOR THE DIFFERENCES IN TYPE OF PROPERTIES IN 
EACH AREA 


Geographical 

area 

No. of 
Irt/esied 
properties 

Infestations of 

B. germanica 

' Infestations of 

B. orientalis 

Ratio of 
infestations 
B.g. : B.o. 

No. 

Percentage] 
of infested 
properties 

No. 

Percentage 
of infested 
properties 

London 

329 

146 

44 1 

214 

65 

1 : 1-5 

Ireland 

226 

72 

32 

190 

84 

1 : 26 

South East 

589 

168 

29 ! 

507 

86 

1:30 

South Scotland 

205 

54 

26 

179 

87 

1 : 3-3 

Central 

639 

148 

23 

581 

91 

I : 3-9 

East 

256 

56 

22 

225 

88 

1:40 

West 

322 

54 

17 

302 

94 

1 ; 5-6 

South West 

507 

75 

15 

476 

94 

1 : 6-3 

North 

691 

69 

10 

654 

95 

1 : 9-5 

North Scotland 

240 

17 

7 

232 

97 

1 ; 13 6 

Total 

4,004 

859 

21 

3,560 

89 

1 : 41 


Pefcentage of infested properties containing B germanica and B. orientahs 
added together do not make JOO per cent since both species occur together in about 
10 per cent of properties. 
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Scotland; the ratio of infestations, of German to Oriental Cockroaches, 
cannot be reliable if one area contains an abundance of properties which 
provide a favourable environment for one species but not for the other. 

To correct this bias, the premises for each area were grouped into four 
categories.This was done, as previously (TabIeXL),accordingto the relative 
incidence of species. Treatment of the data in this manner shows that the 
greater incidence of B. gemianica (Fig. 144a) and the lowest incidence of 
B. orientalis (Fig. 144b) occurs in London, irrespective of the type of 
property, and that the reverse is true towards the west and north. 

Division of the properties into four groups allows the calculation of four 
ratios of infestations of B. germanica : B. orientalis for each area (Fig. 145). 
Ratios for properties in Group I vary little between geographical areas, 
whereas those for Groups U and HI show a more marked preponderance 
of infestations of Oriental Cockroaches in areas most distant from London, 
(with the exception of ‘South Scotland’). Properties in Group IV, with the 
lowest incidence of B. germanica to B. orientalis provide the maximum 
geographical variation, a ratio of I : 5 in ‘South Scotland’ and 1 : 48 in 
‘North Scotland’. 

"We are now part way to showing the existence of a true geographical 
variation in the relative incidence of the two species. By combining the 
ratios for the four groups of premises it is possible to obtain an average 
value for each area, free of bias for different types of properties, since each 
group contributes equally to the mean (Fig. 146). 

The greatest incidence (lowest ratio) of German to Oriental Cockroaches 
does indeed occur in London. A very similar figure is obtained for southern 
Scotland where much of the information is contributed from Glasgow. 
This suggests that densely populated areas olfer an environment favour- 
able to B. germanica which is not to be found in rural areas. In this regard 
the ratio for Ireland appears anomalous, but again, it must be remembered 
that a great deal of the infomiatioafor Ireland camefromBelfast and Dublin. 

Blatta orientalis increases in dominance from the south-east (1 : 4*2) to 
the west (1 : 7*8) and north of England (1 : 11). This species outnumbers 
infestations of B. germanica in northern Scotland by 20 : 1. (Fig, 147). 
Here population density is lowest for the whole country and here too the 
German Cockroach occurs in only eight per cent of the premises sampled. 
Joint infestations by both species arc lower in the north of Scotland than 
anywhere else. 

The picture now obtained for the distribution of the German Cockroach 
agrees surprisingly well with the map (Fig. 138) based on previously 
reported evidence compiled by Ragge.*® Not all of the geographical varia- 
tion, however, can be correlated with population density. The ratios for 
the ‘East’ and ‘South-East’ are very similar, yet the two areas differ con- 
siderably in the extent of urban development. The ‘Central’ area is greatly 
industrialised, yet this and the two areas previously mentioned differ only 
slightly in the relative abundance of spedes. 

Y 
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GROUP IV Food factories. cinemas &theatres 
laundries, houses, flats 
& convalescent homes 


= 








SOUTH 

SCOTLAN 

X 

o 

EAST 

IRELAND 

CENTRAL 

X 

5 

o 

WEST 

NORTH 


geographical 

ranV..’H • gfouped m ordcT of decreasing incidence of the species. Areas 

ranKea in order of decreasing incidence of B. germanica relative to B. orientalis. 


Clearly outdoor ckmate plays no contributory role. ‘Southern Scotland’ 
IS not sufficiently different in climnte from the ‘North of England’ to 
by a factor of three. The ‘South-Wesf 
^ as warmer winters than the ‘East’, yet the incidence of B. 
germanica is higher in the colder area. 





Fig. 144. b. PerccDtage of infested premises containing B. orientahs in geographical 
areas. Premises grouped in order of decreasing incidence of B. germanica. Areas 
ranked in order of decreasing incidence of B- germanica relative to B. orientalis. 

Infcstndoos in cities and large tonus 

Reference has been made in the previous section to the probable influence 
of data from urban areas on the ratio of German to Oriental Cockroaches 
in difierent parts of the country. To examine this further, an analysis has 
been made of the incidence of the two species in the most commonly 
infested properties, (restaurants and hotels), in cities and large towns in 
different areas. Two of these are London and Glasgow, two are holiday 


Ratio of infestations. B germamca : B onentahs 
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1-25 
V.20 
i;i5 
1.10 
1 5 



Fig. 145. Ratio of infestations of B germaiuca to B. orientalh la geographi- 
cal areas. Premises grouped inorderofdecreasingincidenceorii^f’/'mo/i/ca. 
Areas ranked in order of decreasing incidence of D. germamca relative 
to B. orientalis. 




nalo ot inlemions, B germ^c. : B orienIMs Percentage of infested prorrr.ses 


INCIDENCE OF PE 



Fig. 146. Mean infcslalion rates (for all premises) in geographical areas, ranked in order of decreasing incidence of JJ. 
gernianlca relative to B. orlentalis. (a) Percentage of infested premises in which both species occur (b) pcrccntacc of 
mfestcH nrcmisesrnntninirKT n r.r.A » fs-.u ,..1 . . » \ / »• » 
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Fig. 147. The geographical distribution of B. germanica and B. orienlalis in infested 
premises in Britain based on a survey of 4.004 premises. About 10% of premises contain 
both soecies. ^ 


‘South-East’ (Bournemouth and Brighton), and two are in 
the North , Manchester, an industrial town, and Blackpool, a coastal 
resort- ’ 


The analysts (Table XLIV) shows considerable variation in the incidence 
ot the two species m urban communities even when these are relatively 
Brighton (60 miles) and Manchester and Blackpool 
pu miles). It also shows that m two towns, which are both coastal resorts. 





INCIDENCE OF PEST COCKROACHES IN BRITISH ISLES 343 

Bournemouth in the ‘South-East* and Blackpool in the ‘North’, there is 
even greater variation. In fact, the ratios for the six towns, whilst being 
somewhat lower than those for the areas to which they belong, show the 
same pattern of distribution of B. germanica relative to B. orientalis as has 
been obtained for the geographical areas. It will be appreciated that in 
obtaining the ratios for towns, restaurants and hotels only have been con- 
sidered, thereby avoiding heterogeneity in the samples. 

Table XLIV 

INCIDENCE OF GERMAN AND ORIENTAL COCKROACHES IN 
CITIES AND TOWNS IN DIFFERENT PARTS OF THE COUNTRY 


Town 

Restanrants j 

Hotels 


Area ratio 
(all 

properties) 


Infestations 
of both 
species 

Ratio 

B.g. : B.o. 

Infestations Ratio 
of both B.g. : B.o. 

species 

London 

no 

1 :06 

14 1 : 

: 10 

‘London’ 

1 :2-8 

Glasgow 

37 

1 ; 1-6 

11 I : 

: 1-2 

‘S. Scotland* 

1 :3-6 

Bournemouth 

27 

1 : M : 




Brighton 

23 

1 : 1-9 


B| 


Manchester 

28 

1 :4-6 

• 

* 

‘North’ 

Blackpool 

19 

1 : 18-0 

24 1 ; 

; 110 

1 : 11 


* Insufficient data. 


Other species 

Fourteea infestations were recorded of P. americana and one of S. supel- 
lectilium. To the overseas reader these numbers may seem exceptionally 
small, but in reality one infestation of the American Cockroach in Britain 
per 300 of the more common cockroaches is probably an over estimate of 
the true incidence of this species. This is because infestations of cockroaches 
other than B. germanica or B. orientalis are so rarely encountered that when 
found, the occasion is not readily forgotten. Hence the Service staff who 
reported the occurrences of P. americana probably reported all the findings 
of this species that they could recall during their entire servicing experience. 

The 14 infestations of P. americana were divided between ‘London’ 
(five), the ‘South-East’ (three) and the ‘North’ (six). Twelve occurred in 
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pre-war premises and two in post-war premises, which is in accordance 
with the proportion of old and new buildings infested by other species. 

Three of the infestations occurred in hospitals; one in an X-ray unit, to 
which the insects had probably escaped from laboratories, and two where 
P. americana had become established in basements, ducts, kitchens, linen 
stores and a laundry. Five records of American Cockroaches involved 
factories: in the paper stores of a confectionery producer, the kitchens and 
canteen of a textile mill, and in the basement, boiler room, ducts and kit- 
chens of a factory producing rubber products. In the rubber factory there 
was strong evidence to indicate that the insects were being introduced with 
raw materials direct from the docks. 

Evidence of introduction was also seen at a factory processing paper and 
cardboard. Here the insects were found in the cores of large reels of paper 
recently arrived in the stores. In the fifth factory, a bakery, the cockroaches 
were imported in nuts and dried fruit held in the raw materials store. 

Among the remaining six infestations, one occurred in a restaurant, 
again introduced with imported foods, one in the kitchen of a large hotel in 
an area where a crate of bananas had stood the previous day, and a third 
in a house where the insects were introduced with bananas bought from a 
local shop. 

Another instance of P. americana, associated with bananas, occurred at 
a baiuna importers, the type of premises which acts as an intermediary in 
the distribution of the insect to other premises. The two remaining records 
of American Cockroaches involved a brewery, where the insects were 
found in a covered drain to a boiler house, and a college where P. americana 
had become established in the cellars of a science block. This infestation is 
suspected of originating from insects which had escaped from the Zoology 
department. 

The one recorded instance of Brown-banded Cockroaches {S. supellec- 
tilium) occurred in London in the offices of a new building where the in- 
festation was thought to have been established for at least a year before 
efforts were made to control it. The premises were centrally heated and the 
infestation became established in the ducts and offices. At the time of the 
infestation, some of the offices in this building were involved in the import 
of goods from the Continent. 

Conclusions from the survey 

^is survey has confirmed much of the existing knowledge about the 
incidence of pest cockroaches in buildings in the British Isles, but for which 
statistics have not previously been obtained. It has added to this knowledge 
notobly on the occurrence of German and Oriental Cockroaches in old 
and new buildings and on the geographical distribution of the two com- 
monly occurring species. The salient conclusions obtained from the survey 
m which 4,004 premises were examined, all of which had contained cock- 
roaches at some time, may be summarised as follows : 
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1. In the British Isles, infestations of A orientalis outnumber B. germaiiica 
by 4 : 1. Both species occur together in about ten per cent of infested 
properties. Other species, mainly wnericana, occur in not more than 
0.35 per cent of infested properties. This figure is probably an over- 
estimate. 

2. The relative incidence of 5. gennanica and B. orientalis in different 
types of property varies considerably from 1 : 1*7 (in clubs and public 
halls) to 1*17 (in houses, flats and convalescent homes). 

3. Premises which most favour the German Cockroach are clubs and 
public halls, restaurants and cafes, breweries and public houses. The high 
incidence of B. gennanica in all these premises, where alcoholic beverages 
are consumed, provides strong circumstantial evidence in support of the 
beer crate as a means of spread of this species between properties.*^® 

4. The number of infestations of B. gennanica, relative to B. orientalis, 
in post-war buildings (1 : 2*2) is twice that in pre-war buildings (I : 4*5). 
This increase is apparent in most types of property, but is greatest (x3) 
in those premises, mentioned above, most susceptible to infestation by the 
German Cockroach. 

5. Whilst the incidence of B. gennanica relative to B. orientalis is higher 
in new buildings than in old, care must be taken in interpreting this in- 
formation. It could be argued that the German Cockroach is spread more 
readily in trade than B. orientalis making new buildings more prone to 
infestation by the German species. Not until another survey is made, per- 
haps in five or ten years time, will it be possible to establish beyond doubt 
that the German Cockroach is increasing in abundance. 

6. No correlation can be found between the relative incidence of the two 
commonly occurring species and the type of heating. Whilst a correlation 
between infestation and heat is well recognised, the ‘presence’ or ‘absence’ 
of central heating is probably not a sufficiently critical measure of the 
environment to demonstrate a relationship. 

7. The paucity of reports of infestations of both species in non-centrally 
heated, post-war buildings (compared with centrally heated) is an indica- 
tion that a relationship between infestation and central heating exists, at 
least in newer types of building. 

8. The growth of central heating would not appear to be responsible 
for the greater incidence of infestations of B. gennanica in post-war 
properties. 

9. About 16,000 observations were made of the positions within buildings 
where cockroaches are found. These confirm that in certain properties, 
(notably restaurants, cafes, hotels, dwellings, teaching establisiments and 
hospitals), kitchens offer the preferred environment for B. germanica. The 
kitchen is also the preferred location of B. germanica in other properties 
where B. orientalis favours the basement, boiler room and heating ducts. 
The preferred place of the German Cockroach in clubs is the bar. Toilets 
and bathrooms tend to favour B. orientalis. The high incidence of cock- 
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roaches in toilets (in about 20 per cent of infested properties) emphasises 
the potential hazard of cockroaches in disease transmission. 

10. In all types of property, infestations of Oriental Cockroaches arc found 
in a greater number of locations than those of the German Cockroach. 
Infestations of -B, orientalis are most widespread in hospitals and those of 
B. germanica most widespread in hostels and holiday camps. 

11. Infestations of German Cockroaches occur in an equal number of 
locations in pre- and post»war properties. Those of Oriental Cockroaches 
arc less widely distributed in posl<war than in pre-war buildings- 

12. The incidence of B. germanica relative to B. orientalis is highest in 
London (ratio, I *. 2*8), followed by south Scotland, principally Glasgow, 
(I : 3-6) and the south-east of England (1 *. 4*2). These values apply to 
the ‘average premises’. The ratio of infestations, German : Oriental, in- 
creases from the south-east of England to the west and north and is highest 
in the north of Scotland (1 : 20). 

13. Premises in which German Cockroaches occur most often (i.e. clubs, 
restaurants, etc.) show a relatively small geographical variation in the 
incidence of this species, except in the extreme north and west. The 
greatest geographical variation in the ratio of B. germanica to B. orientalis, 
occurs among properties (food factories, cinemas, theatres, laundries and 
dwelling houses) in which B. germanica is relatively uncommon. 

14. The high incidence of B. germanica in London and Glasgow suggests 
that this species is favoured by conditions associated with densely popu- 
lated areas. Nevertheless, variations do occur in the ratio of infestations, 
B. germanica : B. orientalis in identical types of property in large coastal 
towns (e.g. Bournemouth, Brighton and Blackpool). 

15. The origins of most infestations of ‘exotic’ species of cockroach can 
be traced to the import of infested goods from overseas (notably bananas), 
or to escapes from laboratory cultures. 



ABOUT VOLUME II 


INSECTICIDES AND COCKROACH CONTROL 


A great variety of insecticides exists for cockroach control. Volume II is 
concerned with the development of the major groups of insecticides and 
their properties. A review is given of the information currently available 
on the mode of action of these compounds. Early simple remedies for 
‘getting rid of cockroaches’ have now been replaced by the use of more 
sophisticated, modem, synthetic chemicals. Volume II is a practical and 
technical guide to all those concerned with pest species of cockroach and 
their eradication: the success of cockroach control depends on the treat- 
ment of all infested harbourages and recommendations for their detection 
in buildings are given. Methods of application of insecticides and the most 
suitable equipment for this purpose are described. 

Attention is given to the formulation of insecticidal compounds in oil 
and water as well as dusts and lacquers; recommendations are provided 
for the use of each formulation. The application of insecticidal prepara- 
tions with minimutn ha 2 ard to man — the user and the public — as well as 
to domestic animaU and wild life is exercising the attention of Government 
bodies and the pest control industry more than ever before. The labelling 
of pesticidal products, with precautionary measures and appropriate 
directions for use, is one of the subjects dealt with in a chapter on Safe 
Pest Control Practice, 

Resistance to insecticides, notably by the German Cockroach, emphasises 
the need for the continued screening of new insecticidal compounds for 
cockroach control. The history is given of this problem since resistance was 
first detected in cockroaches in 1953, together with an analysis of environ- 
mental factors which most favour its development. Methods of trapping 
wild populations for detecting resistance in ^vild strains are described. 

The evaluation of new insectiddal compounds for cockroach control 
involves special laboratory te chni ques for rearing and handling insects, 
together with test methods, involving the topical application of solutions, 
the preparation of test smfaces for appraising contact activity, and the 
subsequent statistical handling of data to compare the efficacy of different 
materials. Attention is drawn to the importance of the repellent action 
exhibited by some of the more recent insecticides which can be a dis- 
advantage in the control of cockroaches in infested premises. In contrast, 
insect repellents for the treatment of containers and packing materials, to 
prevent the dissemination of cockroaches in trade, is an advantage which 
has yet to be exploited. 
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{Figures in italics indicate pages on uhich illustrations, diagrams or graphs appear.) 


Abdomen, 20-21 

modification of terminal sclents, 184 
abdominal segments, 
de\elopmenl, 227, 22S 
sagittal sections, J88 
terminal, 98, 184, 185 
absorptive cells, 124 
accessory glands (mushroom gland), 
see also colleierial glands, 193. 194 
secretion and corpus allatum, 167 
storage excretion and, 158-159 
acclimatisation, 280 
acetylcholine, 163 
Acheia domesticus, J4 
acini. 121 
Acrididae, 158 

adults, identification key to, 96 
aerogenoides, see Paracolobacirum. 
air movement, 

. effects of, 290 

air travel, insect pests and, 269 
aircraft 

cockroaches in, 270, 271, 272 
cockroaches taken from, in New 
Zealand, 272-3 
insects carried in, 270-271 
tests in jet, 292 
alalarum, see Blattarum. 
alimentary canal, 116-133, US 
speed of movement of food through, 
127, 128 

alkalescens, see Shigella. 
allergy to cockroaches, 312-313 
alveolar glands. 107 
American Cockroach, sec Pcriplaneia 
americana. 

america/ia, sec Periplaneia. 
amino acids, 

effect of deficiency in diet, 239 
amoebic dysentry, 309 
amphibia, 243 

Ampulex compressa, 245-246 
amylase, 121, 122, 128 
relative activity of, 130 
Anagasta kuhnielta, 258 
Anaplecia sp., 275 
Anaplectmae, 37 
anatis, sec Salmonella. . 
anatomy, tack of specialisation and, 16 


Ancylostoma 

ceylauicumiVyog Hookworm), 310 
duodenale (Human Hookworm), 310 
Anopheles mosquitoes, 272 
antennae, 19 

chemo-reception and, 114 
courtship and, 179, 183 
growth of, 226 
regeneration of, 234, 235 
onis. 12 

Aphthoroblaiiina Johnsonl, 21, It 
apodemes, 102 
appendages, 
loss of, 139, 233-234 
regeneration of, 234-236 
appendigaster, see E\ania, 
armarium. 124 
arotium, 52. 251 
Ascaris lumbricoides, 310 
ascorbic acid, see vitamins, 
aspartic acid, 240 
atmospheric pressure, 293 
airopos, see Blabcrus. 

Attn spp. (Icarcuttintt ants). 94 
inquilinc cockro.icncs auvl, 242 
Aiiaphila fiiiigictda, 

appearance, 94-95 

association with ants, W, 93, 94, 242 
auditory perception, 1 14-1 15 
aurcomjcin. 240 
aureus, sec Staph\lococcui, 
australiisiae, sec 

Australian Cockro.icn, see PenpliWcia 
aiisiniliislae 


Bacteria, 243, 303 
cellulose digesting, 31 
disease oulbrc.'iks .ind isolation of. 

305-309 

pathogenic examples, 306-303 
pcrsistancc in excrement, 312 
boctcroids, 155 
appearance of, 200-201 
entry into oocytes, 201-202 
fate of. 221-222 
ovaries and, 200 

Bananas, cockroach introduction and, 
269, 344 

Barbulanympha sp.. 131, 73/ 
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bats. 12, 51 
bed bug, 1 1 

biological clock, sec also circadiaa 
rhythm, 258 
birds, 243 

bivUalta, hdinoptera (,—Ph}llodromid), 
see Blatlella germanica. 
Blaberidae, 37 

abdominal segments, terminal, 188 
brood sac, 187 
intersternal folds, 189 
ovipositor valves, 187, 188, 189 
Blaberoidea, 35, 37 
phallomeres of. 185 
Blaberus, 15. 74, 83-85 
appearance, 84 
alropos, 83 
biology, 84-85 
boUxtensts, 83 
cellulase and, 132, 133 
craniifer (Giant Death’s-head Cock- 
roach), 

bacteria and, 306 
biology, 84 

brain, anatomy of, 163 
cellulase content of intestinal 
tract, 132 
common name, 15 
distribution, 83 
enzyme system, 129 
habitat, 83 
life span, 84 
mating, 191 
moulting, 84 
nymphs, 84 
ootheca, 84 
pest status, 83 

Salmcaella typhosa and, 312 
size, comparative, 61 
spermatophore, 196 
stomatogastne system, 165 
description of species, 83-85 
discoidalis, 83 
appearance, 84 
cellulase and, 132, 
distribution, 83 
enzymes and, 129 
habitat, 83 

false ovoviviparity and, 216 
giganleus 
adult. 84 
biology, 83, 85 
cellulase and, 132 
moulting, 85 

nymphal development, 85 
stomatogastne system, 164 
habitat, normal, 74 
idcnliftcation key. 96 
nymphs, 84-85 
oothcca, 84 

‘black beetle’, see Blatia orienlalis. 
‘black clock*, see Blaiia orienlalis 


Blafla, 5, 32 

americana, see Periplaneta. 
australastae, see Penplaneta. 
cinerea, see Nauphoeta. 
cubensis, see Supella supeUecitlium. 
germanica, see Blaltella. 
kakerlae, see Penplaneta americana. 
orienlalis (Oriental Cockroach, Black 
Beetle), 

abdominal segments, terminal, 185 
abdominal stemites, terminal, 228 
adult, 50. SJ 
life span, 52 

antennae, growth of, 227, 227 
app^rance, 20, 52 
arolium, etTect of lack of, 251 
auditory perception, 115 
bacteria and, 305, 306, 307, 308 
bacleroids and oocyte destruction, 
202 

biology, 52, 53 
Britain, in, 316, 318 
buildings, 
age of, and, 326 
favoured by, 326 
locations in, 331, 334, 335 
Carolina, in^ 316 
central heating and, 330 
cerci, 1J5, 226 

circadian rhythm and continuous 
light, 263-2S4 

cities and large towns and, 338, 

342, 343 

classification (of cockroaches), 3 1-37 
climbing ability, 251 
co-existence with man, 13 
cold-hardiness, 282 
colleterial glands and formation 
ofoothecae, 211 
common names, 14, IS 
crop, cuticular lining of, 127 
dermal glands, 109 
description, 49-53 
desiccation, 288 

temperature range and, 283 
development period, 52 
deveiopment, seasonal variation in, 
242 

diploid number, 147 
distribution, 49 

British Isles, in. Ji7 
early spread of, 43 
eggs. 

incubation period of, 52 
unfertilised, hatching of, 214 
water content of, 221 
ejaculatory duct, 193-194 
environmental factors and, 290, 316 
enzymes in, 129 
fat body, lobe of, 156 
females, unfertilised, 52 
flight and, 52, 251 
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BlaHa orienfalis — cont. 
food, 116 
genitalia, male, 
external, 184 
internal, 193, 293 

geographical areas and infestations, 
336 
gut, 122 

habitat, 49-52, 63 
haemocyte count, 139 
haeiBOlymph, mitotically dividing 
cells in, 140 
hair sensiilae, 125 
heart of, 135 
rate of beating, 142 
hospitals and, 305 
humidity and, 288 
hypodermis, 103 
identification key, 96 
incidence, 337 

survey, in, 325, 328, 329, 332-333, 
334-335, 342 
toilets, in, 334 
infestation rates, 342 
infestations, 340 
central heating and, 330-331 
locations, 335 

. 'within buildings. 331-336 
infested premises, 339 
introduction, 
into the U.K., 268-269 
uitb coke, 268 

longevity on starvation diets, 295 
malpighian tubules, 126 
cooti^ions of and temperature, 

matiog, 190 
migration, 252-253 
mouUing, 139 
movement of, 48-19, 254 
mushroom mite and, 247 
names in other countries, 14-15 
nymph, final moult, 229 
nymphal development, 52 
nj-mphal growth, 225 
occurrence, 

frequency of on ships, 275. 277 
outdoors, 50 
ootheca, 38, 52, 200, 198 
adult with, 51 
WTried by transport. 267 
deposition of, 217-218, 296 
formation of, 222 
identification key, 99 
incubation period of, 52 222 
production of, 213 
structure of, 218 
water content of. 221, 296-297 
ongm of, 41,45 49 
oviparity and, 214 
O’tygen consumption, 149 
ox>gen requirements, 149-150 


parasitic wasps and, 243-264 
pest status, 50, 51 
phallic gland, 193, 194 
phallomeres, 185 
Pimeliapbilus cmlijfei and, 247 
population density eiTccts, 236 
population size, effects of, 236-237 
‘pronyraph’, 52 
protein requirements, 237-239 
provcntriculus, 222 
musculature of. 124 
pygtdial glands, 1 10 
ratio of infestation. 337 , 340 
respiration, 149-150 
temperature and. 282 
Solmoneth, and, 305 
typhosa and. 312 
season, influence of. 242 
seminal vesicles, 193 
sewers and, 303, 3W 
sexes, differences between, 52 
size, comparative, 61 
spermatophore, 194, 196 
starvation, water and, 295, 295 
stemites, ^owih of terminal 
abdominal in female, 227 
summer diarrhoea and. 309 
survey in the U.K., 318-346 
survival below zero temperature, 

281 

survival outdoors and, 282 
temperature, 
high, effects of, 282-283 
low, effects of, 279-280 
recovery from, 280-281 
preferendum, 285, 285, 286 
tergal secretions, 110 
testes. 193 
typhoid and, 303 
vasa deferentia, 193 
vector capabilities, 311 
water loss and respiration rate, 289 
water loss and temperature, 283, 284 
wax layer, 107 
wings, 22 
growth of, 227 
peits)lvanica, sec Parcoblalta. 
suriaamensis, see P^cnoscelus. 
wings, 22 

bhuce, see Syntomosphyrum. 

Blattana. 33, 34, 35 
brief description of, 35 
classification of, 36 
energy consumption, 150 
evolutionary development, 37 
excretory system, 153 
Isoptera, relationship with, 131 
proventriculus of, 124 
subdivisions of, 35 
Blaitarum alalarum, 274 
Blaitella =Ec/obius, =P2o>' 

lodromia, —Ischnoptera), 
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Dlatlella — cont. 
choline, need for, 240 
endophallus, 194 
ootheca, retention of, 38 
sterols and, 240 

germanica (_=obliquata, —bivUtata. 
German Cockroach, Steam-fly), 
abdomen, 46 

abdominal segments, terminal, 188 
adult, 44, 45 

aircraft, records in, 271, 272 
alimentary canal, 117 
speed of movement of food through, 
127, 128 

allergy and, 312-313 
amino acid deficiency effect. 239 
antennae and courtship, 179, 183 
appearance, 45 

bacteria and, 305, 306, 307, 308 

biology, 46-48 

blood, 137 

Britain, in, 315-318 

buildings, 

age of, and, 326-327 
favoured by, 326 
locations in, 331-336 
carbamate insecticides and, 299 
Carolina, in. 315 
central heating and, 330-331 
chemo-receptors, 114 
circadian rhythm, measurement of, 
261 

cities and large towns and, 339-343 
classification, 36, 37 
common names, 15 
comparison with B. vaga, 43, 88, 89 
copulation, use of genitalia in, 189 
copulatory behaviour, 189 
corpora allata and, 205 
courtship, 182 
description, 42-48 
desiccation, 288 
development period, 47-48 
diet, effects of, 237 
diploid number, 197 
distribution, 42-43 
Bnlish isles, in, 317 
disturbance at night, 269 
early spread of, 43 
eggs, 

desiccation of. 198 
unfertilised, development of, 214 
water content, 221 
embryological development, 221 
endophallus. 194 

environmental factors and, 290, 318 

enzymes in, 129 

flight and running, 48, 251 

food poisoning organisms, 31 1 

gcnilalia, 

male external, 185, 186, 187 
male internal, 187 


geographical areas and infestations, 
336 

growth curves, 233 
habitat, 43, 44 
harbourages, 250-251, 278 
historical, 12-14 
hospitals and, 304-305 
identification key, 96 
incidence in 
ships. 273, 274. 275 
survey. 325, 328, 329, 332-333, 
336. 342 
toilets, 334 
infestation rates, 341 
infestations, 340 
central heating and, 330-331 
establishment of new, 277-279 
locations of, 331-335, 335 
infested premises, 338 
insecticides, resistance to, 304, 374 
insemination, 195-197 
introduction into the U.K., 268 
mvertase and, 129 
jet aircraft and, 292 
longevity on starvation diets, 295 
mating, 182, 189 
secretion of uric acid and, 158 
migration, 252 
moults, 

loss of appendages and, 234 
number of, 231 
sclerotised parts and, 235 
movement, involuntary, 267 
nymphs, 
growth of, 230 
weight of, 241 
oocyte, 

development and food, 200, 210 
growth, 204 

ootheca, 46. 47, 48, 100, 148 
adult with, 45 
formation of, 204 
hatting from, 223, 225, 296 
hormone inhibition and, 204 
incubation period of. 47, 222 
indentification key, 99 
keel of. 218, 219 
number of eggs per, 47 
premature delachtment, 298 
structure, 218 
two, end-to-end, 215 
water content, 221, 293 
weight loss, 299 
origin of, 42, 43 
ovipanty and, 215 
ovipositional behaviour, 216 
oxygen requirements, 150 
pest status. 43-44 
PimeUaphilus cunUffei and, 247 
pohomyclilis virus and, 309 
population size, effects of, 237 
protein requirements, 239 
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DIattella genmnica — cont. 
pygidial glands, 1 10, HO 
ratio of infestation, 337 , 340 
regeneration of appendages, 234 
Rhipidius spp. and, 270 
Salmonella and, 305 
lyphosa and, 312 
season, influence of, 242 
seminal \esicles, 194 
sex attractants, 179, 180. 181, 183, 
184 

sexes, differences between, 45 
sexual behaviour, 181-184 
ships and, 268, 269, 273, 274, 275, 
276, 277 


size, 

increase, 232 
comparative, 61 
spermathecal glands, 196 
spermatogenesis, 194 
spermatophore, 194. 195, 196 
starvation, water and, 294 
survey in the U.K., 318-346 
synonymy, 15 
temperature, 
high, effects of. 283-284 
prcferendum, 286, 291 
testes, 193 

uric acid and accessory glands, 158 
utrleiili, 
breviores, 193 
majores, 194 
\asa deferentia, 193 
vector capabilities, 311 
vitamin requirements, 240 
water and, 107, 294 
water loss and, 
respiration rate, 289 
temperature, 107, 284 
wax secretory glands, 108. 109 
weight, increase in, 231, 232 
yoga (Field Cockroach) 
adult, 89 
appearance, 88 
biology, 48, 89 

comparison with B. germanica, 88 
description, 88-89 
distribution, 41, 88 
eggs, 89 

unfertilised, development of, 214 
water content of, 47 
habitat, 88 

indcntification key, 96 
longevity on starvation diets, 295 
nymphs, 89 

ooc^e development and food, 210 
ootheca, 89 
adult with, 89 
ni^ber of eggs per, 47 
origin of, 88 
oviparity and, 215 
starvation and, 294 


uric acid and accessory glands, 1 58 
water content, 3{X) 
changes in, 297 
weight Toss, age and, 300 
Blattellidae, 37 

abdominal segments, terminal, 188 
male, external genitalia, 186 
Blattellinae, 37 
Blaltidae, 28. 32, 35, 52 
Blattoidea, 37 
phallomercs, 185 
blood, see abo haemolymph, 
cell count, 139 
circulation, 

HCN and, 142 
presystolic notch, 142 
regulation by neuro-hormones, 142 
speed of, 140-142 
dorsal vessel, 135-136 
volume, 138 
changes in, 138 
boUuemis, see Blaberus. 
boUiana, see Parcoblatla. 

‘Bombay Canary’, 15 
booklice, 33 
brain, 162-163, 163 
anatomy, of 162-163 
nerve activity and, 173 
neuro-eodocrine functions, 163 
segmentation of, 163 
bredeney, see Salmonella. 

Briwin, changes in post-war, 316-318 
‘Brolaetare’, 15 

Brown Cockroach, see Periplaneia 
brunnea. 

Brown-banded Cockroach, see Supella 
supelleciilium. 
brunnea, sec Perlplaneta. 
buccal cavity, 120 
bursicon, 145 
activity after eedysis, 147 
concentration, 147 
level in blood, 146 
tanning and, 147 

Byrsotria fumigala (Cuban Burrowmg 
Coclaoach) 
cellul^ and, 132, 133 
circadian rhythm and total darkness, 
264 

corpus allatum and, 167 
false ovoviviparity and, 216 
hind gut, 127 
sex attractant, 180 


caementarium, see Sceliphron. 
canae, see Methana. 
caiuiabalism, 139 
Carausius morosus, 34 
C^boniferous, 
fossil records, 38 
period, 19, 25 
rocks, 22, 26, 27 
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cardiac c>cJc. 136 
carihna, see Podium. 
cargoes infested, 276 
Carolina, 

cockroaches in three cities in, 316 
caudal (proctodcal) system, 164 
caves, species in, 83 
cellulase content of intestinal tract, 132 
ccllulase, protozoan symbionts and, 31, 
130-133, !SI 
centipedes, 243 

central heating, effects of, 316, 318, 
324-325 330-331, 345 
cerci, US 

auditory perception and, 115 
growth of, 226-227, 22d 
neuronal pathways and, 168 
shape of, 65 , 115 
ceylanicum, see Ancylosloma, 
characteristics of present-day cock- 
roaches, 19-20 
chemo-rcceptors, 114 

sex attractants and, 178-179 
chill coma, 

recovery from. 280-281 
temperature, 280 
chitin, 64 
choline, 240 
chorion, 200 

chromosome numbers, 197 
cibanum, 121 
cinerea, see Sauphoeia. 

Cinerous Cockroach, see Nauphoeia 
cinerea. 

circadian rhythm, 1 1 1 . 258 
changes in light and darkness, 263-264 
endocrine secretion and, 266 
influence of temerature and food, 
262-263 

measurement of. 261 
neurosecretory cycle and, 266 
suboesophageal ganglion and, 167 
cjrculatory system, 134-137 
circum-oesophageal commissures, 162 
city and large town infestations, 340-343 
classification, 31-37 
climate, influence of, 41 
climbing ability, 251 
clypeus, 118 

coagulocyte, see cystocyte. 
cockroach control, 12, 347 
night inspection, 260-261 
pyrethrum sprays and, 260 
cockroach mite, see Pimeliaphilus 
cunhffei. 

cockroach odour, 247 
cockroaches, 
anatomy, general, 20 
associated with man, 40, 41 
attacking man, 13 
captivity, in, 16 
co-cxistence with man, 13 


eaten by vertebrates, 246 
fossil, 21 
historical, 12-14 
hygiene and, 11, 13. 14 
latoratory insects, 16 
orthoptcran-type insects, relationship 
with, 33-37 
pc$t status, 11,12 
publications and, 17, 18 
scientific interest in, 16 
sewers, latrines, cesspools, in, 303-304 
space, in, 261,292-294 
coguereliana, see Cromphadorina. 
cold death point, 281-282 
Coleoptera, 32 
coli, see Escherichia. 
coUforme, sec Paracolobactrum. 
colicteriai glands, 199 
formation of oothccae and, 21 1-212 
inhibition of secretory activity, 204 
colonic sphincter, 131 
colour, as a diagnostic feature, 42 
comma, see Vibrio. 
commtssuTus corporis allail, 166 
commissurus corporis cardiaci, \ 66 
common ancestry with termites, 29-31 
common names, local names, and, 13-15 
compressa, see Ampuiex, 
contact receptors, 111-113 
copulation, 

genitalia, use of in, 189-190 
period of, 190 

copulalory behaviour, 189-192 
corpora allaia, 
fat body and, 156 

food and oocyte development, 209-211 

functions of, 167 

growth, moulting and, 227, 228 

heart rate and, 144 

inhibition by brain, 206 

inhibition of, 208 

mating and, 192 

oocyte development and, 202-203, 210 
oocyte maturation and, 202-203 
oxygen consumption relationship, 152 
removal and implantation effects, 
205-206 

reproductive behaviour and, 181 
respiratory effects of, 151-152 
sex attractants and, 180 
stomalogastnc system and, 167 
corpora cardiaca, 143 
extract of and heart beat, 143 
fat body and. 156 
function of, 167 
mating and, 192 
nerve activity and. 173 
stimulation of, 143-144 
stomatogastric system and, 167 
courtship, 182 , 183 
coxa, 252 

cramifer, see Blaberus 
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crescentic sclerite, 186, 190 
use in copulation, 189 
crickets, 19, 24, 32, 33 
crop, 121. 123 
cross fertilisation, 197 
‘Croton bug’, see Blauella germanica. 
cryptic habits, 22, 247 
Crjptocercidae, 35, 36 
CriptouTcus punauhtus, 35 
adult, 94 
appearance, 93 

bacteroids and oocyte destruction. 


biology, 93-94 
colon of, 131 
description, 93-94 
digestion of cellulose, 31, 94 
distribution, 93 
egg mass, 29 
nymphs, 93-94 
ovailation, 199 

protozoan symbionts. 31, 93-94. 

. 130-132 
size, comparative, 61 
Uuban Borrowing Cockroach, see 
4>)rsotriafumigata. 

Cucaracha, 14 

(.=podapohpopliagiis), see 
_ rimehaphllus. 

'^oria, 32 

101 - 111 , 102 

aiKaii soluble constituents. 105 
cement layer, 109-110 
chemical composition, 104 
deposition of waste products in, 159 
excretory system and, 153 
glands, 

dermal. 107-108 
Pygidial, 110-111 
unicellular. 102 
biTodennis. 107-109 
msecticide formulation and, 104 
laminae, 102 
lipid content, 107 
penetration of, ICW 
pore canals, 102-104 
rate of growth and, 101 

section of, 102 103 

structure of, 101-Ui 

147 

e^al secretions, 110-111 
thickness, 104-105 
^•ater content, 104-105 
wav M°*“^'®.'°^‘'tuents, 105 

function of, 105-106 

layer, 105-107 
««etion, 107-109 

cy Stine, 240 


cystocyle (coagulocytc), 140 
cytoplasmic membrane, 108 

Daily rhythm (see also circadian 
rhythm), 258-259 
‘Dine’, 15 

darkness, effects of changes in, 263-264 
darwiniensis, see ^fasloler/lles. 

DDT, 174 

defence sprays. 247-248 
Dcrmaptcra, 32 
dermestid b^tles, 246 
desiccation, 2S7 
different species and, 288-289 
eggs and, 38 
deulocembrum, 163 
development, seasonal variation in, 

242 

Dictuoptera, 32 
Dictyoptera. 32, 33, 34, 34 
Dieldrin, effect on excretion, 153 
diet, 

amino acid deficiency effects, 239-240 
effects of, 238-239 
ntaterials used as, 237 
moulting and, 234 
protein requirements, 237-240 
vitamins, 240 
digestion, 123 

dihydroxypheny] acetic acid, 230 
Diplopura punctata (Cypress 
Cockroach), 

corpora allata and mating, 208 
defence spray, 248 
eggs, water content of, 221 
false viviparity, 216 
longevity on starvation diets, 295 
oocyte development and food, 210 
ootheca, 21 3 
pygidial glands, 110 
wmgs, 22 
Diplera, 1 14 
discoidalis, see Blaberus. 
disease, 302-314 

experimental transmission of, 310 
gastroenteritis and food poisoning, 
310-311 

outbreaks and associated bactena, 
305,309 

transmission by cockroaches, 313-314 
typhoid, 311-312 

distribution of cockroaches, see under 
individual species, 
geo^aphical, m Britain, 320 
disturber^ sound, 248 
Dor}laea rliombifolia, see I'ieost}lop}ga. 
doinilleit see Palaeoblaita. 
ductule-containing cells, 221 
duodenale, see Ancylostonia. 

Dusl^ Cockroach, see Ectobius 
lapponicus. 

Dyar’s Law, 23 1 
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Earwigs, 32 
ccdysis, see moulting, 
cedyson, 145 

groNvth and moulting, 227 
edible frog, 246 
Ectobiinac, 37, 90, 92 
Ectobius, 

germanicus, see Blallella germanica. 
lapponieus (Dusky Cockroach), 
description, 90, 91 
distribution in England and Wales, 
90 

early records on ships, 274 
oviparity and, 21 S 
livens, see pallidus. 
lividus, see pallidus. 
pallidus (—livens, =li\idus. Tawny 
Cockroach), 
description, 90, 91 
distribution in England and Wales, 
90 

oviparity and, 215 
wings, 91 

panzer! (Lesser Cockroach), 
description, 90, 91 
distribution in England and Wales, 
90 

oviparity and, 215 
ectodermal invaginations, 101 
ecuadorana, see Nahublaltella. 
cggCs), 28. 29 
case, see ootheca. 
chamber, 200 
deposition of, 28, 31, 38 
desiccation of, 28. 38, 198 
development of, 220, 221 
evolution towards internal incubation, 
38-39 

internal incubation, 38 
parasites of, 243-246 
parasitism, and, 59 
sac, desiccation of, 38 
unfertilised, hatching of, 214 
water content, 221 
ejaculatory duct, 193, 194 
ejaculatory pouch. 194 
clectrophysical activity, monitoring 
apparatus, 261 
embryo respiration, 218 
embryological development, 220, 221 
endcCTme control and pericardia! cells, 

endocrine glands, fat body and. 156-157 
endocrine secretion, circadian rhythm 
and, 266 

cndocuticle, 101, 102 
cndophatlus, 194 
Endrm. elTcct on secretion, 154 
Entamoeba hisiolylica, 310 
enteric caeca, 125, 128, 132 
enteric fever, 309 
enieriiidis, see Salmonella. 


environment, 
air travel, 291-292 
physical factors influencing, 279 
preferred, 250 

environmental factors, 290-291 
cnzyme(s) 

activity, sites and levels of, 129-130 
activity in gut, 208-209 
digestion and, 128-129 
oocyte maturation and, 208-209 
proteolytic, 129 
range of activity, 129 
secretion of, 128 
types in gut, 128 
epicuticic, 101, 102 
waste products and, 159 
Epilampnnae, 36 
cpiproci, 184 
epithelial cells, 125 
epithelial plug, 199 
^eherichia call, 306, 310 
Eulophidae, 243 
Eurycoils, 15 
fioridana, 85 
adult, 85 
appearance, 86 
biology, 86 
defence spray. 247 
distribution, 85 
eggs, 86 

unfeililised, development of, 214 
flight, loss of, 251 
habitat, 85 
identification key, 97 
longevity on starvation diets, 295 
mating, 191 
moulting, 86 
nymphaT development, 86 
odour, 86 
oothcca, 86 
adult with, 85 
oviparity and, 215 
parthenogenesis, 86 
size, comparative, 6/ 
wings, 22 

Evania appendigasler, 243, 244 
Evaniidae, 243 

evolutionary development, 37 
evolutionary link with termites, 28 
Eye worm of poultry, sec Oxyspirura 
mansoni. 
eyes, 19-20 
excretion, 
efficiency of, 153 
haemolymph and, 152 
storage, 154-156, 158-159 
temperature and rate of, 154 
exCTctory system, 151-159 
cuticle and storage. 159 
fat body and storage, 154-156 
male accessory glands and storage, 158 
malpighian tubules, 153-154 
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exocuiicle, 101, 102 
waste products and, 159 
esoskcleton, see cuticle. 

False o\o\i\iparity, 38, 95, 214, 216 
types of, 216 
false \-i\iparity, 214, 2!6 
fat body, i5J 

endocrine control of, 156-158 
enzyme systems in, 155 
excretion and, 153, 156 
intracellular bacteria and, 156 
lobe of, 156 

feeding, heart rate and, 143-145 
femur, 252 
fertilisation, 214 
fenens, see Alta. 

Field Cockroach, see Blallella vaga. 
^ellates, see protozoa. 
flanpenne, see Podium. 
fleas, 11 
flight, 

gliding, 251 
ruMing and, 251 
Pondana, see Euo colls. 
follicular cells, 200 
b^eroids and, 202 
tollicular epithelium, 200, 202 
. bacteroidsand, 202 
food, 115, 133 
absence of, 294-295 
oocyte maturation and, 209-21 1 
. f^P‘‘vity of female and, 192 
lood poisoning organisms, 310-311 
Porficula, 32 
fossil, 

cockroaches, 21 , 21-28 
records, 19, 27 
remains, 19 
Franzosc’, 14 

French Cockroach, see Blatta 
, orientalis. 
frogs, 246 

Mginosa, see Periplaneta. 
jmigaia, see Byrsairia. 

Jungicoia, see Auaphila. 

Galea, 119 

ganglia, 162-163, 164 
abdominal, 164, 168 
^nerves from, 164 
thoracic, 164, 170 
^ nerves from, 164 
frontal, 165 
hypocerebral, 165, 166 
mgluvial, 165 
prothoracic, 164 
reflex transmission within, 170 
segmental, 162 

suboesophageal, 162, 164, 165, 166, 
167, 168, 170 
regulating function, 167 


spontaneous nerve activity, 173 
terminal, /7J 
gaseous env ironment, 294 
gastroenteritis, 310-311 
gastrula. 1 17 
genital chamber. 39, 187 
genital pouch, 24, 37, 38, 184, 187, 198 
genitalia, 
external, 

female. 24, 37. 186-189 . 190 
male, 184-186, 186, 187, 190 
internal, 
female, 188. 199 
male. 187, 193, 193-194 
geographical areas, 

infestations o(_B. germamca and a. 
oritntalis in, 336 . . 

geographical distribution in Britain, 320 
geographical variation in incidence, 
336-340 

geological range, 27 
geological systems, 26 
gem cells, chromosomes «n, 19/ 
German Cockroach, sec Btauella 
gennanica. 

germanica, sec Blallella. 
gennanieus, Ecioblus, see Blallella 
germanica. 
germanum. 199 
bacteroids and, 202 
Giant Death’s-head Cockroach, see 
Bloberus craniifer. 
giganteus, sec Blaberus 
gizaard. see proventnculus. 
glial cells, 175, 176 
glial lacunae, 175 
glossa, 120 
glutamic acid, 240 
glycogen. 176 

gonadrotrophic hormone, 167, zuz 
inhibition of release of, 205 , 
moulting and oocyte maturation, 2UJ 
gonads, 

bacteroids and, 201 
reproductive behaviour and, Isl 
grasshoppers, 19, 24, 32 
Gromphadorbina, 
coguereliana, 95 
lae\igata, 95 
eggs, 95 , . 

false ovovivipanty, 2io 
ootheca. 95 
mating, 191 
portentosa, 95 
adult, 94 

growth, moulting and, 227-237 
growth curves, 233 
GrylUdae, 158 
Gr)lloblalltt, 34 
Grylloblattodca. 33, 34 
Gryllotalpidac, 33 
gustatory receptors, U4 
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gut. 

feeding behaviour and. 133 
fore, 117, 121-124, 122 
parts of, 121 
hind, 117. 126-127 
parts of, 126 
mid, 117. 124-125, 122 
epithelial lining, 124, 125 
nervous supply to, 1 17 
speed of movement of food through. 
127-128 

tracheal supply to, 1 17 

Hacmocoele, 117, 135 
haemolymph flow in, 135 
respiratory system and, 147 
haemocytefs), 137, 138 
count, 139 

division of and haemolymph 
coagulation, 139-140 
injury and, 140 
types of, 138 

haemolymph, 125, 134, 135, 136, 
137-138 

coagulability, 139-140 
coagulation and division of 
haemocytes. 140 
direction of movement, 135, 135 
flow in wings and legmen. 137 
mitotically dividing cells in, 140 
nervous system and, 174 
osmotic pressure and, 147 
plasma of, 137 

speed of circulation, 140-142, 141 
transport of materials, 159 
volume and vvater content, 138, 139 
liageiiOHi, see Teirasliehus. 
harbourages, 250-251, 278 
harpyoides, see Hsptia. 
head, 19-20, 26. 119 
heart, 118, 134 
pulsation of, 136, 136 
heart beat 

control and cardio-accelcrators. 145 
control and compensating mechan- 
isms, 145 

corpora cardjaca cJilract and, 143 
HCN and, 142 

homogenate of pcricardul cells and, 
144 

rate, feeding and. 143 
stimulatory substance, 143 
hedgehog. 246 
helminths. 243 

llcmimctabola ([Uoptengota). 220 
llemipicra, 32, 114 
llrnichouieJenia spp., 269 
itcpiochlor. effect on cvcrction, 154 
historical. 12-U 

llolomctaboU (Endopicrygota). 220 
twmes, accidental invaders of. 85-89 
hookuorms, sec Aneylaitonia 


hormones, 17 

distribution of cardio-accelcrators, 

144 

homogenates, effect on heart beat, 1 14 
respiratory effects of, 151-152 
hospital infestations, 304, 305 
house fly, sec Musca domestica. 
humidity, response to, 287-288 
Hymenoptera, 114 
inquiline cockroaches and, 242-243 
parasitic, 243-246 
hypodcrmal cells, 101 
bypodermis, 101, 107, 117 
wax secretion and. 107-109 
hypopharynx, 1 14, 117, 120 
Hyptia, 

harpyoides. 243, 245 
llioraaca, 243 
hislolylica, see En! amoeba 

Identification key 
adults, 96 
oothecae, 99 
infestation(s), 

B. germanicolB. cnenralis ratios, 338, 
339,340 

central heating and, 330-331 
establishment of new, 277-279 
locations within buildings, 331-335 
property age and, 326 
property types and. 326 
tracing origins of, 267-268 
ignoia, see Periplaneta. 
ileum. 126 

inquiline cockroaches, 242-243 
insect control, 
sex aliractants and, 178-179 
synthetic compounds and, 13 
insecticide research, 17-18 
insecticide resistance, 347 
insecticides, 14, IW, 173-174, 374 
behaviour on heart, 141 
carbamate, 299 
DDT. 174 
Dicldrin, 154 
excretion and. 153 
resistance to, 292, 3(31 
insemination, 195-197 
intercalary ducts, 121 
interference factor. 237 
intermediary metabolism, 154 
international dissemination. 268-269 
intestinal round ixorrm, 310 
introduction in laundry baskets, 268 
introduction with coke. 263 
invertasc. 128. 129, 130 
relative activity of. 130 
involuntary movement, 267, 268 
irroraia. see Ponchlora. 
lithnaplera hmiiuia, see Blallelta 
germamca, 

Isodrm. effects on excretion, 154 
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Javanica, see Panesthia, 
juvenile hormone, 227 

kakerlac, Blatta, see Periplanela 
ainericaiia. 

‘Kakkerlak’, 15 

Labial palps, 114 
labium, 114, 117, J20 
labrum, 117, 120 
lacinia, 1 19 
lactase, 128 

relative activity of, ISO 
laevigata, see GromphatSorina. 
lapponicusy see Ectobiiis. 
latnahis, see Tachyspbex, 
leaf insects, 32, 33 
leaf-cutting ants, see Alta spp. 
legs, 20 

articulation of, 252 
regeneration of, 234-236 
structure, 252 
Lepidoptera, 114, 179 
leprae, see M}cobQcterium. 

Lesser Cockroach, see Eciobius panzeri. 
Leucopbaea maderae (Madeira Cock* 
roach), 41 

abdominal segments, terminal, 18B 
adult, 79 
appearance, 78 
atmospheric pressure, 29S 
biolo^, 79 

cellulose, and, 132, 133 
circadian rhythm and, 261, 264 
corpora allata and, 166-167 
moulting and, 227, 223 
oxygen consumption and, 152 
stimulation of, 208 
description, 16-79 
distribution, 76-77 
early spread of, 77 
enzymes and, 129 
Escbericbia coll and, 310 
false ovoviviparity, 216 
flight, 78 
food, 78 

gaseous environment and, 294 
gonadotrophic hormone, inhibition of. 
206 

habitat, 78 
identification key, 97 
introduction into U.S., 268 
locomotor activity, 262 
mating, 79. 191, 192 
moulting, 79 
nervi corporis allati, 166 
nymphs, 78 
odour of, 78 
oocyte development, 203 
control of, 207 
food and, 209-213 

oocyte grow th, corpora allata and, 205 
2d 


origin of, 77, 77 
pest status, 78 
receptivity of female, 192 
recurrent ner\-c and, 167 
respiratory effects of hormones, 151 
sex attractant, 180 
space, and 293 
stridulation, 78, 114 
Vhittgs, 22, 23 
lice, 11 
light, 

effects of changes in, 263-264 
receptors, 111 
lltilneri, see Tyrophagus. 

Up^, 128, 129 
lipid, composition of, 157, 158 
content of cuticle, 107 
Litopeltis sp., on ships, 275 
livens, see ^tobius. 
liiidus, see Ectobius. 
lizards, 246 

Lobster Cockroach, see Nauphoeia 
cinerea. 

locomotor activity, 262, 262, 26S 
neurosecretory cycle and, 267 
rhythm, 260 
stages of, 259 
locusKs), 24, 32, 33 

enz^e activity and oocyte maturation, 
209 

fossilised, 23 
swarm b^aviour, 253 
longevity on starvation diets, 295 
low pressures, effects of, 292 
Lower Eocene, 28 
Lower Tertiary, 29 
'lucifuga', 14 
lunibricoides, see Ascaris. 

Madeira Cockroach, see Leucopbaea 
maderae. 

maderae, see Leucopbaea. 
male aenssory glands, 193, 194 
storage excretion and, 158-159 
malpighion tubules, 125-126, 153-154 
contractions and temperature, and, 

125 

excretory system and, 153 
peristaltic movement, 126 
maltase, 128, 129, 130 
relative activity of, 130 
mandibles. 117, 118, 120 
mansoai, see Oxyspiruro. 

Mantidae, 158 
mantids, 19, 32, 34, 35 
Afaniis, 32 
reltgiosa, 34 
Mantodea, 34, 34, 35 
marginalts, see Melhana. 

Afastolermes daryiiniensis, 29, 30 
egg mass, 29 
wing folding, 25, 30 
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mating. 178, 179, 182, 198, 191 
endocrine control of, 180, 181 
factors involved in, 178 
Storage and excretion of uric acid, 
158-159 

maxillae, 118, J20 
maxillary palps, 112, 113, 114, 119 
musculature of, 112, JI2 
mealworm, see Tenebrio. 
megacephah, see Pheidole. 
melanin pigment, 101 
mentum, 120 

mesenteron, see ventriculus, 
metabolism, 
aurcomycm, and, 240 
protein and hormone control, 157 
Methana, 
canae, 93 
curvigera, 92 
morginalis, 93 
methionine, 240 
mice, 246 
migration, 51. 253 
mass, 252-^4 
sewage drain pipes and, 253 
migratory instinct, 252 
‘mill beetle', see Diana orUntalls, 
mites, 243 
cultures and, 247 
mobility quotient, 261 
modification, areas of, 24 
mongoose, 2 m 
monten'tUa, see Salmonella, 
morbifieans, see Salmonella, 
morulity from low temperature, 281 
mouli($), 
embryonic. 223 
number of and diet, 234 
number of and loss of appendages. 

233-234 

oocyte maturation and, 203 
sclerotiscd parts and, 235 
moulting (ecdysis), 16, 139-140, 145 
cell debris and, 139 
cedyson and, 145 
growth and. 227-231 
mouth parts, 112, 114, 117-121, /20 
movement (see also involuntary 
movement). 249-277 
distance of, 254-255 
Phoenix investigation and. 254 
mud>daubing wasp, see Scehphron 
caementarium. 
munne typhus. 1 1 
Musca iwmesttca (House Fly), 293 
atmospheric pressure and. 293 
muscle, excitation through nerves, 168 
mushroom gland, see accessory glands, 
mushroom mite, see Tirophagus 
lininerl. 

m)ceioc>tes. 154. 155, 202 
Mycobaeierium leprae, 308, 3J0 


Nahublallella ecuadorana, 275 
natur&l enemies, 243-246 
Nauphoeta (—Blalla) cinerea (Lobster 
Cockroach, Cincrous C^kroach), 
aditlt, 81 
appearance, 81 
bacteria and, 307 
biology, 81-82 
defence sound, 248 
description, 79-82 
disfribution, 78-^0 
early spread of, 77 
false ovoviviparity, 82, 216 
food. 81,211 
habitat, 80-81 
idenliiication key, 96 
introduction into the U.S., 268 
longevity on starvation diets, 295 
nymphs, 82 

oocyte development and food, 209- 
211 

ootheca. 82 

internal incubation of, 192 
origin of, 79 
pest status, 79 

Pheidole megacephah and, 247 
receptivity of female, 192 
sex attraciant, 192 
starvation, water and, 294 
stridulalion, 81, 114-115, 191 
trypsin and development of ovary, 
209 

vector capabilities, 3 1 1 
wings. 23 

Neoconocephalus palusins, 34 
NeoU}lop}ga {=Dor}laea) rkombifoHa, 
adult. 81 
appearance, 83 
biology, 83 
defence spray. 247 
descnption, 82-83 
disinbution, 82-83 
habits. 83 

identification key. 96 
incidence in ships' holds, 274-275 
longevity on starvation diets, 295 
n>inphs. 83 
ootheca, 83 
origin, 83 
ovipanty, and. 215 
parthenogenetic eggs, 83. 214 
nerve activity, 
brain and, 173 
corpora cardiaca and, 173 
endogenous or spontaneous, I7I-173 
neuro-hormones and, 173 
reflex arc, 168 
spontaneous, 168 
types of, 168 
nerve cord severcnce, 
diiferent positions, at, 203 
oocyte development and, 206-207 
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nerve impulses, 
conduction of, 167, 16S 
oscilloscope traces, 172 
nerve tissue, units of, 160-162 
ner\e toxins, I73-I74 
neni corporis allati, 166 

inhibition of corpora allata and, 206 
nervi corporis cardiaci, 166 
nervous system, 160 
autonomic, 160 

cardio-accelerator honnones and, 144 
central (somatic system), 118, 160, 
162 

evasion response and, 169, 170 
haemolymph and, 176 
inhibitory centres, 173 
peripheral, 160 
reflexes, 171 

simplified diagram of, /6J 
supply of nutrients to, 174-177 
s>inpathetic (visceral system), 160, 
164-165 

nenus connecihus, 165 
neural lamell^ 164, 175 
neuro-cndocrine secretion, mating 
and, 180 
neuroglia, 164 
neuro*borTnoQes, 
heart beat control and. 145 
nerve activity and. 173 
regulation of circulation, 142 
transport of, 145-147 
neuronal pathways, 16^171 
neurone, 160, 162 
association, 162, 163, 164 
motor, (efferent), 162-164 
reflex arc, 170 
sensory, (afferent), 162-163 
types of, 162 
neuropile, 162, 164 
neurosecretory cells, 
circadian rhythm and, 266 
t annin g hormones and, 145 
neurosecretory cycle, 
changes in, 266-2OT 
reset mect^ism, 266-^7 
stages of, 266 

night activity, 258-260, 259 
nurse cells, 194, 1^ 

Nyctibora sp. on ships, 275 
Nyctiborinae, 37 
nymph(s) 

antennae, growth of, 226, 227 
cerci, growth of, 22^227 
development, weight increase, 232 
development, vanation in, 226, 244 
diet, effects of, 237 
final moult, 229 
growth of, 230 
characteristics of, 225 
hatching from ootheca, 223-224 
increase in size, 232-233 


increase in weight, 231 
individual and communal rearing, 
236-237 

loss of appendages, 233-234 
moulting, 227-231 
number of moults, 233-234 
oogenesis in, 19S 
post-embryological development, 
224 

predator of, 246 
protein r^uirements, 237-239 
regeneration of appendages, 234-236 
seasonal variations in development, 
240-242 

terminal abdominal stemit^, growth 
of, 227 

v-ilamins and, 240 
weight of, 241 
wings, growth of, 227 

obhquaia, Blalla, see Blattella 
germanica. 

occurrence, frequency of in ships, 

275. 277 
ocelU. in 

diurnal rhythm and. 264, 26S 
oeoocytes, 101, 108, 154 
function of, 103 
oesophageal invagination, 124 
oesophageal nerve, 165 
121, 162 

oocytes, 

allatectomised cockroaches and, 

157 

bacieroid entry into, 201-202 
control of development, 202-203, 
207 

corpus allatum and, 167 
growth and, 205 

development, inhibition of, 206, 

207 

development and corpora allata, 

205- 206 

development of, 199 
growth of, 203, 204 
matucatioa, moulting and, 203 
maturation and enzyme activity m 
gut. 208-209 

maturation and food, 209-211 
maturation and mating, 208 
primary, 199 
receptivity, of female 192 
respiration and, 151 
secondary, 199 
trypsin relationship, 210 
ewgenesis, 200 
oogonia, 200 

ootheca(c). 21. 24, 28, 37, 100, 187 
artificial, severance of nerve cord and, 

206- 207 

carried by transport, 267, 268 
deposition of, 217-218 
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ootheca(e) — cent. 

dennestid beetles and, 246 
development in pest species, 296 
effects of humidity and removal of 
keels, 298 

formation, 204, 212 
colletenal glands and, 211-212 
fossil, 28 

hatching from, 223-224, 224, 225. 
295-296 
time, 222 

temperature and, 223 
hormone inhibition and, 204-206 
humidity, weight loss and, 299 
identification key, 99 
incubation period, 222-224 
internal incubation, 38-39, 215 
keel of, 218, 219 
loss of water from, 296-301 
mite infestations and, 247 
oviparity and, 214 
oviparous habit of dropping, 38 
parasites of, 243-246 
production of, 213 
in P. americana, 209 
retention of, 38 
retraction of. 38 
rotation of. 37. 38, 215, 216 
structural features, 218-219 
tanning agent, 21 1 
water content, 221, 296 , 300 
changes in, 297 
weight loss and humidity, 299 
age and, 300 
Oothecaria. 32 
oranienberg, see Salmonella, 

Oriental Cockroach, sec Dlalta 
onenlalis. 

orientahs, see Blatla. 
origin of cockroaches, 19, 41 
ortho-dihydroxy phenol, 21 1 
Orthoptcra, 32, 33, 34 
outdoor species. 90-95 
Australia, 91-93 
Britain, 90-92 
United States, 93-95 
ovarian cells, bacteroids and, 201-202 
Dvariolcs, 199, 201, 20), 202 
bacteroids, and. 201-202, 201 
development of, 200 
panoistic, 199 
ovarjfies), 199-200 
bacteroids, associated wiih, 200 
m>cetoc>tcs and. 202 
oviducts, 199 
oviparity, 214-216 
oviposition, t>pc$ of. 214-216 
ovipositional habits, 39 
ovipositor, 24 
fossilised, 28 

ovipositor valves, ovulation and, 213 
omora, see S^ntomosphyrum. 


ovoviviparity, 216 
ovulation, 213 
oxidative metabolism, 150 
oxygen consumption, 149 
coipora allata relationship and, 152 
Oxyspirura mansoni (E>e worm of 
poultry). 310 

PalaeoblaUa douvillel, 26 
Patacoblattidae, 26, IS 
Palaeozoic era. 26, 28 
Palaeozoic ferns, 28 
pallidus, see Ectobius. 
panama, see Salmonella. 

Panchlora, 
irrarala, 275 
spp., 269 

Paneuhia Jaianica, protozoan s>mbionts 
in. 131 

panzer!, see Ectobius. 

Paracolobactrum, 
aerogenoides, 307 
cohforme, 307 

paradysenlerioe, see Shigella. 
paraglossa, 120 
paraprocts, 184 

parasites of, cockroaches, 243-247, 

270 

parasitic worms, 309 
parasitism, 243 
Parcoblaila (^Dlaiia. Wood 
Cockroach), 15, 85, 93 
bacteroids and, 201 
bollmna, 86. 93, 303 
size, comparative, 61 
development, 242 
Right. 251 

identification key, 96 
occurrence, frequency of on ships, 
275 

oviparity and, 215 
parasitic wasps and. 243, 244 
pensyltanica, 
appearance, 87 
auditory perception, 115 
biology, 87 
description, 86-87 
dtstnbuttan, 86 
habitat, B6-87 
infestation of. 86 
moults, 87 
nymphs, 86-87 
oolheca, 86 

keel of. 218,2/9 
ongin of, 86 

parasitic wasps and, 243, 246 
sewers and, 303 
size, comparative, 61 
tanperature, effect on, 87 
pars intercerebralis, 145 
parthenogenesis. 214 
Pasieurella pesiii (Plague), 303, 310 
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pathogenic bacteria, 14, 306-308 
pathogens, 303 
pericardial cells, 
endocrine control and, 143 
heart rate and, 145 
perineural cells, 175 
Periplanela {=Blalla), 15, 38 
americana {—Kakkerlac. American 

Cockroach, ‘Bombay Canary*), 15, 
40,41,42 

abdominal sternites, 57 
terminal, 9S 
adult, 56, 57 
air movement and, 290 
aircraft, records in, 272, 292 
alimentary canal, 116-133, US 
antennae, grov.th pattern of, 226 
appearance, 55 
attacking man, 13 
auditory perception, 114-115 
bacteria and, 305, 306, 307, 308, 

309 

bacteroids and, 200, 222 
bananas, introduction with, 269 
biology, 56. 58, 59. 60 
blood (see also haemol>mpb), 
circulation, HCN and, 142 
circulation in w'ings, 136-137 
segmental vessels and, 135, 136 
speed of circulation of, 140-142 
volume, 138 
brain, 

anatomy of, 163 
regulating function of, 167 
Britain, In, 315, 316 
bursicon concentration, 147 
Carolina, in, 315, 316 
cardiac cycle 136 
cardio-accelerator hormone and, 

144 

cellulase and, 132 
central nervous system, US 
cerci, 65, 114 
chemo-receptors, 114 
circadian rhythm, 258, 261, 262 
comparison with other Periplanela 
spp., 60, 62, 63, 64, 65-66, 67 
contact receptors, 111-113 
copulatory behaviour, 189 
corpora cardiaca, and 167 
cuticle, 102, 104, 105, 107, 159 
section of, 102, 103 
dermal glands, 109-110 
description, 53-60 
desiccation, 283, 288 
development, seasonal variation in, 
240-241 

development period. 58, 59 
diploid number, 197 
distribution, 53 
in Britain, 54 
early spread of, 43 


egg, 

laying, 31, 213 
unfertilised, hatching of, 214 
water content of, 221 
environmental factors and, 290 
excretion, temperature and rate, 
154 

excretory system, efficiency of, 153 
fat body and, 155, 156, 157 
food, 294 

gastroenteritis, and, 309 
habitat, 54-55 
haemocyte count, 139 
haemolymph, 
coagulation of, 140 
flow in tegmen and bindwing, 137 
speed of circulation, 141 
harbourages, 278 
head, 119 
heart. US, 135 
beat. HCN and, 142 
frequency and amplitude of beat, 
140 

rate and food, 143 
Identification key, 97 
incidence in, 
ships, 272. 274. 275 
suney, 325, 343 
indoors, 54, 55 

insecticides, behaviour on heart, 141 
inseminaiioQ, 196 
introduction into the U.S., 268 
jet aircraft, and 292 
leg structure, 252 
locomotor activity, 259, 260, 263, 
265 

longevity on starvation diets, 295 
malpighian tubules, 126 
matmg, 190-191 
maxill:^ palps 112,7/2 
migration, 252 
mouUuig, 59 
mouthparts, 120 
movement, 

distance of, 254-255 
involuntary, 268 
of food through gut, 127 
names, 15, 41 

nerve activity, endogenous or 
spontaneous, 171 
toxin, manufacture of, 174 
neurosecretory cycle and, 266 
nerve impulses. 172 
night activity, 259 
nymphfs) 
abdomen, 66 
antennae, 66 
cuticle, 104 
development, 55, 226 
first stage, 66 
mesothorax, 66 
stages, 55 
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Periplanela Americaiia—coaU 
weight increase, 232 
occurence, frequency of on ships, 

275, 277 
oocytes, 200 
growth of, 203 

nymphal development and, 203 
oolheca, 55. 60, 65, JOQ, 213 
adult with, 47 
deposition of, 217 
effects of humidity and removal 
of keels, 298 
identification key, 99 
incubation period, 222 
keel of, 219 
production of, 209 
structure, 218 
origin of, 43, 53 
ovaries, 199 
ovariole, 201 
baetcroids and, 201 
oviparity and, 214 
ovulation and, 213 
oxygen requirements and uptake, 

150 

parasitic wasps and, 243, 244, 245 
parthenogenesis, 60, 214 
peristalsis, 167 
pest status, 53 
phallic gland, 193, 194 
phallomcrcs, 185 
Pimfllaphilus cunhUei and, 247 
poiioni>c)itis virus and, 309 
population size, eifects of, 237 
pore canals, 102-103 , 103 
pronotal pattern, 98 
proprioceptors, 1 14 
protein requirements, 237-239 
recurrent nerve and, 167 
reproductive organs, female internal, 
199 

respiration and, 151 
fUilzoghpliui larsahs and, 247 
salivary gland, 123 
Salmonella and, 305 

oranienberg in intestinal tract 
of, 309 

panama in intestinal tract of, 309 
t)pliosa and, 309 
scnsillac, 114 

sewerS, latrines, cesspools, and, 

254, 303, 304 

sex attractants, 178, 179-180, 181 
sexes, difference between, 55 
ships and, 273, 274. 275. 277 
size, 

comparative, 61 
increase. 233 
spcmiatophorc, 194-195 
starvation, water, and. 294, 295 
stomatogostric system, 165 . 166 
stomodcal nervous system, 16} 


summer diarrhoea and, 309 
surv^ in the U.K., 325, 343, 344 
tanning, 146 
hormone, 146 
temperature, 

circadian rhythm and. 262 
high, effects of, 283-284 
preferendum, 286-287, 286 
tergite, longitudinal section of, 102 
trochanter, 113 

vector capabilities, 305, 309, 310 
volatile attractant, 179-180 
water, 
content, 138 

loss and respiration rate, 289 
loss and temperature, 283, 284 
wax layer, 106, 107 
weight and sex, 232 
wings, 23 

worms carried by, 310 
ausiralasioe (Australian Cockroach), 
40,41 

abdominal segments, terminal, 98 
adult. 62, 63 
life span, 64 

aircraft, recorded in, 271 
appearance, 63-64 
b^teria and, 308 
biology. 64 
crop, 124 
description, 60-64 
diploid number, 19? 
dutribulion, 60^1 
eggs, unfertilised, hatching of, 64, 214 
enteric caeca, 125 
food poisoning organisms and, 311 
habitat, 62-63 
identification key, 97, 
incidence in ships, 275, 277 
introduction into the U.S., 268 
movement, 
involuntary, 268 
of food through gut, 127 
names, 15, 41 
nymphs, M 
oothcca, 100 
adult with, 63 
identdlcalion key, 99 
origin of, 53 

parasitic wasps and, 243, 244, 245 
pest status, 60, 61 
pronotal pattern, 98 
reproductive activity, 64 
Salmonella opliosa and, 312 
sewers and, 303 
size, comparative, 61 
vector capabilities, 31 1 
ventficulus, 125 

brunnea (Drown Cockroach), 40 
abdominal se^nents, terminal, 98 
adult, 65 
life span, 66 
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Periplaneta brunnea—conX. 
appearance, 66 
biology, 66 
Britain, In, 68, 273 
cerci, 65 

comparison with other species of 
Periplaneta, 55, 64, 67 
description, 6-4-66 
distribution, 64-66 
eggs, unfertilised, hatching of, 66 
flight, 65 
habitat, 64 
identification key, 97 
incidence in ships, 277 
infestation at London Airport, 273 
nymph(s), 66 
ootheca, 66 , 100 
identification key, 99 
origin of, 64 
parthenogenesis, 66 
pest status, 64 
pronotal pattern, 9S 
sewers and, 304 
size, comparative, 61 
fuhginosa (Smoky-brown Cockroach), 
abdominal segments, terminal, 98 
appearance, 67 
biology, 67 
blood volume, 1 33 
description, 66-67 
distribution, 66 
haemocyte count. 139 
identification key, 97 
occurence, frequency of on ships, 

ootheca, iOO 
identification key, 99 
parasitic wasps and, 224 
privies and, 304 
pronotal pattern, 98 
sewers and, 303 
size, comparison, 61 
ignota, vector capabilities, 311 
orienlalis, see Blatta orientalis. 
peritoneal coat, 199 
peritrophic membrane, 124 
Permian system, 29 
fossil records, 38 
pest control industry, 14 
pest species, seasonal variation and 
development, 242 

pest status, 39, 40, 49, 51, 53, 55, 60, 
85 

pestis, see Pasteiirella. 
phagocytes, 138, 139 
phagocytosis, 138, 139 
phallic gland, 193, 194 
phallomeres, 185-186 
pharynx, 114, 117 
Phasnia, 32 
Phasmida, 32, 34 
brief description of, 33 


Phasmidae, 158 
Pheidole megacephala, 247 
phenylalanine, 240 
pheromones, 178, 179 
Phoenix experiments, 254, 255, 256, 

2S7, 3(M 

Phyllodromia bhittata {=genmnica), 
see Blallella genmmea. 

Pimeliaphilus cunliffei (==podapolipophagus. 

Cockroach mite), 247 
plague, II, 310 
Pleciopterinae, 37 
podapolipophagus ( = cunliffei), see 
Pimeliaphilus. 

Podium, 243, 246 
cordina, 246 
flavipenne, 246 
nifipes, 246 

poliomyelitis virus, 309 
Polybia pygmaea, cockroaches in the 
nest of, 242 

poly biarum, see Sphecophila. 

Polyphagidae, 35, 37 

pol^henol, 21 1 

Pofyzosteria, 30 

population density effects, 236 

population pressure, effects of, 237, 256 

pore canals, 108 

portentosa, see Cromphadorhina. 

post-embryological development, 224 

post-war buildmg, B. germaniea, B. 

orientalis, and, 327 
potential disease carriers, 1 1 , 254 
predation, 243 
pr^ators, 246 

defence mechanism against, 247-248 
prementum, 120 
•preusze’, 14 
primitive families, 35 
primitive germ cells, bacteroids and, 202 
primordial germ cells, see spermatogonia, 
proctiger, 184 

proclodeal system, see caudal system, 
pronotal patterns, 98 
pronotum, 26 
proprioceptors, 113-114 
protease, 128, 129 

protein level, influences in diet, 238, 239 
protein requirements, 237-239 
protocatechuic acid, 211 
protocerebrum, 163 
inhibition of corpora allata and, 206 
Protozoa, 31. 94, 303, 309 
protozoan symbionts and cellulase, 
130-132 

proventriculus (gizzard), 122, 124 
musculature, 124 
Przibram’s Rule, 231 
Pseudomonas aeruginosa, 306 
Pteromalidae, 244 
publications, increase of, 17, 18 
punctata, see Diploptera. 
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punctulalus, see Cryplocercus. 

Py cnoblallina, 29, 30 
wings, 30 

Pycnoscelus (_=Blatla), 15 
surinamensis (Surinam Cockroach), 
adult, 75 

aircraft in New Zealand, in, 272 
appearance, 75-76 
biology, 76 
description, 74-76 
distribution, 74 
eggs, 76 

false ovoviviparity, 76, 216 
gestation period, 207 
habitat, 75 
identification key, 97 
longevity on starvation diets, 295 
natural environment, 75 
nymph, last stage, 75 
oocyte development, 
food and, 210 
inhibition of, 207 
oothcca, 76 
origin of, 74 

Oxy^pirura mansotti, and. 310 
parthenogenesis, 74, 76, 214 
pest status, 74 
stanation, water and, 295 
pygidial glands, 110-111, //O 
pygmaea, see Polybla. 
pyloric sphincter, 126 
pyrcihnim sprays, 260 


Quarantine, 269, 270 
quinone, 211 

Rats and cockroaches, 17 
rearing, ciTccts of individual and 
communal, 23^237 
receptivity of female, factors alTccting, 
192 

receptor organs. 1 1 1-1 15, 206, 203 
rectum, 126, 127 
reflex arc, 170 
reflexes, 170-171 

rcgcncraiion of appendages, 234-236 
reproduction, 178-219 
reproductive organs, 
external, see genitalia, external, 
internal, female,, 188. 199-200 
internal, male, 187, 193 193-194 
reptiles, 243 

respiratory system, 147-152 
diflercnce between species, 149-lSO 
gaseous exchange. 149 
hormones and, lSl-152 
reproJuaive cycle and. 151 
temperature and, U9-150. 282-285 
tissue respiration. 150-151 
tracheal system, 147-148 
rest, behaviour at. 250-251, 230 


retrocerebral complex, 166 
Rhizoglyphus larsalis, 247 
Bhodnius, oocyte development in, 202 
rhombifolla, see Neostyiopyga. 
rhythmka! peristalsis, 127 
ncketlstal organisms, 1 1 
rodent diseases. 1 1 
rufipes, see Podium. 
running, flight and, 251 
Russian Cockroach, see Blatta 
orienlalis. 

Salivarium, 121 
salivary glands, 121, 123 
salivary secretion, 31, 121 
Salmonella, 305, 309, 311, 312 
anatis, 307 
bredeney, 306, 309 
enteritidis, 3 1 1 
montevideo, 31 1 
morbificans, 307, 309 
oranienberg, 306, 309, 31 1 
panama, 309 
schotlmueUeri, 306, 309 
lyphimurium, 307, 311 
/yphosa, 307, 309,311,312 
vector capability, experiments and, 

Saliaioria, 32 

Sceliphron caemenlarium (Mud-daubing 
Wasp). 246 

schonmeuUeri, sec Salmonella. 
‘Sehwabc*. 14 
scleroprotein, 211 
sclerottn, 211, 230 
scorpions, 243 

season, influence of, 242, 258 
seminal vesicles, 194 
sensillae 

campaniform, 113 
hair, 115, 115 
ovoid. 114 

sensory receptors, 162 
setae. 1 1 1 

scwcrs, cockroaches in, 2S4, 255, 
303-305 

sex attractanls, 178-181 
endocrine conUol, of, 180-181 
insect control and, 178 
'Shad roach’, IS, 51 
Shigella, 
alkalezcens, 303 
paradysenteriae, 303, 309 
ionnel, 309 
•shmer,* 15 
ships. 

cockroaches and, 273-277 
early records of cockroaches on, 274 
incidence in food areas on. 274 
incidence in holds, 274, 275, 277 
shrews, 246 
Silunan sandstone, 26 
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size, 

comparative, 61 
increase in, 232-233 
slave trade, cockroaches and, 268 
Smoky-brown Cockroach, see Peri- 
planela fuUginosa. 
somatic system, see nervous system. 
sonnei, see Shigella. 

‘Spanicr’, 15 

specialisaiioQ, lack of, 21-23 
species, 

closely associated with man, 42-73 
occasionally associated with man, 
74-85 

special interest, of, 95 
spread of, 41 

Spbecophila polybiarum, inquillnc 
habits of, 242 
spermathecae, 196, 199 
spermathecal glan^, 196, 199 
spermatids, 1^ 
spermatocytes, 194 
spermatogenesis, 194 
spermatogonia (primordial germ cells), 
194, 199 

spermatophorc, 195 
structure and formation, 195 , 195 
uric acid and, 158, 159 
spermatozoa, 196 
spiders, 243 
spines, see setae, 
spiracles, 148. 149 
spiracular nervous system, 164 
Spotted Mediterranean roach, see 
Eetoblus pallidus. 

Staphylococcus spp., 306, 310 
starv’ation, water and, 294 
starvation diets, 295 
‘steam-bug', see Blattella germanica. 
‘steam-fly’, see Blattella germanica. 
sternites, growth of terminal abdominal 
in female, 227 
sterols and, 240 
stick insects, 32, 33 
stomatogastric (stomodeal) system, 

121, 165-166, 165. 166 
frontal connectives, 1 65 
frontal ganglion, 165 
function of, 167-168 
iiervus connectivus, 165 
recurrent nerve, 165 
suboesophageal ganglion, 165 
stomodeal system, see stomatogastric 
system. 

storage excretion, fat body, and, 153, 
154-156 

stretch receptors, 206, 208 
stridulation, 1 14 
submenlum, 120 

suboesophageal ganglion, 162, 163, 

163, 164, 165 

circadian rhythm and, 265, 266 


inhibition of corpora allata and, 

206 

nerves from, 162 
sub-social behaviour, 31 
summer diarrhoea, 309 
Supella (_=sBlatla). 15 
supellectilium (Brown-banded 
Cockroach), 37 

abdominal sternites, terminal, 223 
adult, 70, 71 
aircraft, records in, 271 
alimentary canal, 116, 117 
appearance, 71-72 
biology, 72-73 
Britain, in, 68, 343, 344 
Carolina, in, 316 
ccrci, growth of, 226-227 
description of, 67-73 
development, 73 
distribution, 67, 68, 69 
eggs, development of unfertilised, 
214 

ootheca, number in, 72 
food poisoning organisms and, 

311 
flight, 70 
habitat, 54, 68-71 
incidence in survey, 325 
indentifleatson key, 96 
mtroductioD into the U.S., 268 
life span, 73 
light, attraction to, 251 
longevity on starvation diets, 295 
nymph(s), 72 
development, 241 
growth rate of, 73 
ootheca, 72, 100 
adult with, 71 
deposition of, 298 
eggs, number in, 72 
emergence from, 223 
incubation period of, 222 
indentifleation key, 99 
keel, 219 
structure of, 218 
water content of, 297 
origin of, 67 
ovipanty and, 214 
ovulation. 199 
pest status, 68, 78 
poliomyelitis virus and. 309 
season, influence of, 241 
size, comparative, 61 
spread in the U.S., 268 
starvation, water and, 294 
vector capabibties, 311 
wings, 23 

supellectilium, see Supella. 
supiaoesophageal ganglion, 162 
Surinam (^kroach, see Pycnoscelus 
surinamensis. 

suriruzmensis, see Pycnoscelus. 
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survey of pest Cockroaches in the 
British Isles, 315-345 
central heating and, 324, 325 
conclusions of, 344-346 
geographical distribution, 320 
healing, 324, 325 
incidence of species, 325, 334, 

336-340 

infested properties, 
cities and large towns, in, 340-343 
numbers, distribution and types, 
322, 326 

pre- and post-war, 323 
locations within buildings, 331-325 
property, age, distribution and type, 
323-324 

report form, 319 
sample, 320 
sampling areas, 321 
survival outdoors, 282 
swarm behaviour, 2S3 
symbiosis, 90, 94 
synapsefs), 162, 164, 168, 169 
Syniomosphyrum, 
blaiiae, 244 
ov/vora, 244 

Tachysphex lalivalvis, 243, 246 
Taenia sagwata (Beef Tapeworm), 310 
tanning of the cuticle, 145, 146, 146, 

147 

tapeworm, see Taema sagmata, 
larsalis, see Rhlioglyphus. 
tarsus, 252 
regeneration of, 234 
Tawny Cockroach, see Eetobius 
lapponlcus. 

tegmina («»forewings), 20, 24, 26 
haemolymph flow in, J37 
temperature, 
chill-coma, 280, 281 
high, effects of, 282, 284 
humidity requirements and, 277, 278. 
279 

influence of food and, 262-263 
low, effects of, 279-280 
recovery from, 280 
preferendum, 285, 285, 286, 290 
diilerent species, of, 286, 286 
upper lethal, 282-283 
zero, death and survival below, 281 
Tenebno (mealworm), tanning and, 146 
tentorium. 102 

termites, 12, 19, 28, 29-31, 35 
common ancestry with cockroaches 
29-31 

fossil. 29. 30 
swarm behaviour in, 253 
testes, 193, 194 
mycetocytes and. 201 
Teiraslichus hagenoni, 243, 244, 245 
Tcttigoniidae, 1S3 


thoraeica, see liyplia, 
thorax, the, 20 
threonine. 240 
tibia, 20, 252 

toilets, latrines and cesspools. 

incidence in, 303-305, 334 
toxins, manufacture of own, 174 
tracheae, 147 
tr^eal supply, 148, 148 
tracheoles, 147, 149 
Tnbohum, on ships, 274 
nichiura, see Trichurts. 

Trichonympha, 131 

Trichuns irichiura (Human Whipworm) 
310 

trilocerebnim, 163 
trochanter. 113, 252 
trophallaxis, 110 
irophocyles, 154 

trypsin, oocyte maturation and, 209, 
210 

tunica propria. 199 

Tyler Project, 254, 255, 256, 303, 305 

tympanic organs, 114 

lyphmurium, see Salmonella. 

typhoid, 303, 309, 312 

lyphosa, see Salmonella, 

typhus, XI 

Tyrophagus linineri (Mushroom Mite), 
247 

tyrosine, 240 

Urate cells, 154, 156 
urates, 156, 157 
insemination and, 195 
uric acid. 156 
aoces»>ry glands and. 158 
storage excretion, 158 
uricose glands, 153 
uinculi breviorcs, 194 
uincult majores, 158, 192, 194 

vaga, see Blailella. 
vasa deferent ia, 193 
vector capabilities of different 
spec^, 311 

ventriculus (mesenleron). 124 
vestibulum, 187 
ovulation and, 214 
Vibno comma, 310 
viruses. 303, 309 
vitamins. 240 
vitellarium, 199 
viteltine membrane, 202 
viviparity, definition of. 216 
voluntary movement, 249-250 

Wasps, parasitic, 243-246 
waste products 

deposition in cuticle, 159 
storage in fat body. 154-156 
storage in male accessory glands, 153 
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‘Water Bug’, 15, 3(M 
water 

absence of, 294-5 
content of haemolymph, 138-139 
loss and respiration rate, 289, 259 
loss and temperature, 107, 283, 284 
oothecae, and, 296 
wax, cuticular, 107-109 
wax glands, 109 
weight, increase in, 231-232 
whipworm, see Trichuris trichiura. 
wings, 20, 22, 23, 24, 25, 26 
folding of, 24, 25, 29, 30 
fore, see tegmina. 


fossil, 28 , 30 
growth of, 227 

haemolymph circulation in, 136-137 
hind, 20, 24. 29 
venation, 22, 24, 28, 30, 32 
Wood Cockroacltes, see Parcoblatta spp. 
wood inhabiting cockroaches, 31 
woodtmring cockroach, see 
Cryplocercus punctulaius. 

‘Yankee Settler’, 15 

2ooiermopsis, 31 
zymogenic cells, 121 
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